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Solicit i Added Meaning 


“IN THE LAsT few years an increasing number of voices have engaged in ; 
virtual attack upon the place held by science teaching in our schools,” 


SaVs 
John Dewey, eminent authority on education, in a recent issue 


ot Science 
Education. The journal is reprinting from its first issue an address which Dr. 
Dewey made upon “Method in Science Teaching” in 1916. As an introduction 
to the article, Dr. Dewey sums up present- -day ‘trends in the same field. 
“Influential voices,” he continues, “plead for subordination of science to 
the culture which they say can be attained only by study of the literary pro- 
ducts of the past. For science, they say, is concerned with material, not with 
humane, affairs. They set science and the concerns of man as man over against 
each other, and proclaim that the rightful supremacy of the latter demands 


the educational subordination of science. The entire cogency of their position 


depends upon identification of science with a certain limited field of subject 
matter, ignoring the fact that science is primarily the method of intelligence 
at work in observation, in inquiry and experimental testing; that, funda- 
mentally, what science means and stands for is simply the best ways yet found 
out by which human intelligence can do the work it should do, ways that a 
continually improved by the Very processes of use 


“I think it is as important now as it was a generation ago,” comments Dr 
Dewey further, “perhaps more so, to insist that for the many who are not 
going to become specialists in science “That value of science resides in the 
added meaning it gives to the usual occurrences of their everyday surroundings 
and occupations.’ | would add, with emphasis, that some insight into and 
command of scientific method and material is increasingly the only effective 
way by which this added meaning can be made a reality.” 
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NJ~F > Lirnium is used to generate the hydrogen in this balloon for atr-sea rescue 
er 1985 § Operations. It is used to hold aloft the radio antenna which will launch the 
S.0.S. message. Army Air Forces photo. 


1879 * 
ur ightest of Metals 


by Martua G. Morrow 


P Tis is a light-weight chapter in Lithium is the lightest of all metals, 
es press the history of the war—a chemical in fact, it is the lightest solid body 
1, and @tory of how the lightest metal either known. A million to one you have 
m earth or in the heavens produces never seen it, for bantam-weight 


2 s ° ° . ° ° ° ° 
nie wes, Whe lightest gas in order that lost air- though it is, it is so active and so 
nent of fmen may be rescued. fond of other chemical elements that 


CHEMISTRY HAL! LIBRARY 


JeTrouER 1945 


> Immersine lithium hydride. 


it refuses to remain long in an isolated 
and unwed (chemically) state. 

And there is more to lithium than 
a convenient source for hydrogen 
(which is the lightest gas as everyone 
knows from high school chemistry). 
This chemical element creeps into oil 
for high altitude planes, dishes, air- 
conditioning systems, metals, and a 
dozen other useful things. 

But it is as a help to the “Gibson 
Girl,” rescuer of fallen airmen, that 
the bantam metal plays a stellar role. 
When a plane is downed at sea, it is 
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the radioed SOS of the Gibson Girl 
that brings the crew the chance of 
rescue. The aerial of the Gibson Girl, 
portable radio sending set, must be 
held high in the air if the signals are 
to be heard over any great distance. 
This is where lithium and hydrogen 
come in. 

A balloon filled with some 40 cubic 
feet of hydrogen keeps the 300-foot 
copper wire aloft in the air. The bal- 
loon itself doesn’t weigh much, but 
despite the fact that hydrogen is the 
lightest gas, a heavy steel container is 
needed to keep it available for emer- 
gency use. Hydrogen is usually carried 
to the place where it is to be used 
under 2,500 pounds of pressure in a 
steel cylinder, and such a container 
would be far too heavy for an emer- 
gency kit. 

Generates Hydrogen 

Here is where lithium comes to 
the rescue. The amount of hydrogen 
needed to fill the balloon can be gen- 
erated on the spot from about one 
pound of lithium hydride, carried in 
a metal container resembling an over- 
size tomato can. Lithium hydride is 
a chemical compound of lithium and 
hydrogen which, when brought into 
contact with water, liberates appioxi- 
mately 45 cubic feet of hydrogen for 
each pound of lithium hydride. 

The Ayer on the raft simply opens 
the can, attaches the balloon to the 
generator and immerses the lithium 
hydride generator in the ocean. Hy- 
drogen produced by the lithium hy- 
dride coming into contact with the 
water pours into the balloon. Besides 
elevating the aerial, the hydrogen- 
inflated balloon itself is large enough 
tc be spotted several miles away and 
help guide a rescue party. 
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> Tue BALtoon fills with hydrogen. 


Lithium metal is only about half as 
heavy as water. Whereas a cubic foot 
of lithium weighs 33 pounds, the same 
‘volume of magnesium, for instance, 
weighs 108 pounds; aluminum, 176 
pounds; and iron, 490 pounds. A soft, 
silvery white metal, lithium readily 
larnishes when exposed to air. 

Lithium is more plentiful here on 
earth than tin, zinc or lead, but it 
never occurs in the free state in na- 
ture—it is always locked up by other 
tlements. 
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Large Deposits in U.S. 

The United States possesses some 
of the largest and richest lithium de- 
posits, chiefly located in South Dakota 
and North Carolina. Most of the com- 
mercial lithium comes from spodu- 
mene, a mineral containing aluminum, 
silicon and oxygen as well. Lepidclite, 
another silicate, is also an important 
source of lithium. Another source of 
lithium raw material is obtained as a 
by-product from the brines of Searles 
Lake, San Bernardino, Calif., in the 
form of lithium sodium phosphate. 





> Zinc is changed by addition of as 
little as 0.025 % of lithium from the 
coarse-grained form shown above to 
the fine-grained structure to which the 
pencil points. 


In the Black Hills of South Dakota, 
gigantic spodumene crystals, some 47 
feet in length and three to four feet in 
diameter, have been found. Decay 
makes the excellent cleavage of spodu- 
mene so prominent that the big crys- 
tals look like wood and miners call 
them “logs.” Spodumene is usially 
found, however, in much smaller crys- 
tals, often the size of grains of sand. 


More Atoms Per Pound 


The varied jobs which lithium can 
perform are due mainly to the fact 
that it is the lightest of all solid bodies 
and that more atoms are packed in a 
given weight of lithium than in any 
other metal. When lithium combines 
with other elements, it is the number 
of atoms rather than their weight 
which is important. Minute quanti- 
ties of lithium can perform big jobs. 
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A fast-growing industry, the amount 
of lithium used has increased seven- 
fold within the last 15 years. Last year 
about 14,000 tons of lithium minerals 
and concentrates were used. 

The various salts of lithium are 
easily obtained from lithium carbon- 
ate, which is rather insoluble in water 
and produced from the sulfate. Lithi- 


um metal is produced by passing an | 


electric current through lithium chlo 
ride to separate the elements, lithium 
and chlorine. 


Regulates Moisture in Air 


Lithium chloride absorbs water ra- 
pidly and is therefore a convenient 
way of regulating the moisture of air 
in buildings. In air conditioning sys- 
tems, the air is drawn through a tank 
containing a solution of lithium chlo 
ride, cooled or heated as desired. By 
varying the strength of the lithium 
chloride solution, the amount of mois- 
ture in the air can be increased or 
decreased. 


Vases, plates, tiles and other ceramic 
articles possess a more glossy surface, 
are stronger and resist weathering bet- 
ter if they contain lithium. 

Lithium chloride and lithium fluo- 
ride are used in welding fluxes for 
aluminum welding, because they help 
keep the surface of the metal clean 
during welding. Welding of structural 
aluminum makes airplanes lighter and 
stronger, and welding of aluminum 
has been made more reliable and su- 
perior by the application of lithium 
fluxes. 


Makes Metals Tougher 


In metallurgy, lithium metal has 
two major uses: one as a super-refining 
agent and the other as a minor but 
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essential alloying constituent. It is an 
outstanding scavenger as it unites with 
gases and impurities present in molten 
metals, forming compounds which rise 
readily to the surface of the molten 
mass and can easily be skimmed off. 
Lithium produces a finer grain result- 
ing in harder and tougher metals and 
alloys such as bronze, zinc, lead and 
aluminum. 

Lithium was discovered as a new 


element in 1817 by August Arfvedson, 
a 25-year-old Swedish scientist, who 
was puzzled by a bit of petalite ore 
from an iron mine at Uto. On analyz- 
ing it, he could account for only 96 
per cent of the total weight of the 
material. 


Discovered a New Element 


On further careful investigation, the 
chemist found a water-soluble residue 


> WueEn ExposeD fo the air, metallic lithium produces this effect, 


caught by the camera. 





from which he extracted a sulfate. 
This, however, failed to behave like 
known sulfates such as sodium sulfate 
or the sulfates of potassium or mag- 
nesium. This new sulfate he converted 
into a carbonate, which was difhcult 
to dissolve in water. 

Arfvedson concluded that he had 
discovered a new alkali sulfate of an 
entirely new element. The new mater- 
ial was christened “lithion” (and later, 
“lithium”’) from the Greek word “1i- 
theios” meaning “of or from stone.” 
This was to indicate that lithium was 
found in minerals, in contrast tc the 
alkali elements sodium and potassium, 
which at that time were believed to 
occur only in plants. 

The discoverer of lithium never 


was able to isolate it in metallic form, 
but shortly thereafter Sir Humphry 


Davy, famed British scientist, pro 
Cuced the first metallic lithium al- 
though only a very minute quantity 
thereof. 


About thirty years later, the well- 
known German scientist, Robert Wil- 
helm von Bunsen, after whom the 
Bunsen burner was named, discovered 
the electrolytic method of making 
metallic lithium from lithium chlo- 
ride which still serves as the basis of 
present-day commercial production. 
But it was not until after World War 
I that a continuous process on an in- 
dustrial scale was developed for the 
commercial production of lithium 
metal. Of the three industrial lithium 
metal plants, the first one was estab- 
lished in Germany during the 1920's 
while the other two have been in 
operation in the United States. 


> A sort, SILVERY METAL, @usily cut, quickly tarnished. 


IN 
lems 
tons 
plish 
bomb, 
is neve 
talent 
tinues 
ciety 


vey o1 
whole 
Scien 

cation 


late d 





Critical Shortage of Scientists Greater 
Unless Armed Forces Release Science Students 


Wastage of Scientific Talent 


IN THE MiDsT of the immense prob- 
lems of reconversion and the revela- 
tons of such major science accom- 
plishments in the war as the atomic 
bomb, one of the primary problems 
is nevertheless the wastage of scientific 
talent in the armed forces that still con- 
tinues. The American Chemical So- 
ciety has repeatedly in recent months 
uiged action upon this problem, es- 
pecially as regards chemists. This sur- 
vey of the situation as it relates to the 
whole field of science was issued by 
Science Service for newspaper publi- 
cation and is reprinted here to stimu- 
late discussion and lead to action. 


>THE GREATEST and most critical 
shortage in America, when viewed 
fiom a few years in the future, is the 
lack and wastage of scientific talent. 


Science and technology in making 
war have been given the highest pri- 
ority. Industry and government are 
making large and promising plans for 
the expansion of scientific research 
now that the war is over. Neverthe- 
less, the young men who should be 
the scientists of the future have been 
inducted into the armed forces with- 
out any opportunity to contribute to 
the nation and the world their un- 
usual and relatively rare abilities. By 
the thousands they are still in the 
armed forces doing non-scientific 
tasks. 

Almost alone among the nations of 
the world, the United States has, 
through a series of expediencies and 
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unhappy decisions in high places, left 
the scientific research abilities of the 
nation relatively unprotected from the 
ravages of war. 

In England and in Russia, and even 
in Germany, young scientists were not 
allowed to join the fighting forces even 
if they wished to do so. They were set 
at tasks for which their abilities and 
training fitted them so that they could 
be best used in the war effort. 


The recent report by Dr. Vannevar 
Bush, director of the Office of Scien- 
tific Research and Development, to the 
President stated: 


Few Over 18 

“Among the young men and women 
qualified to take up scientific work, 
since 1940 there have been few stu- 
dents over 18, except some in medi- 
cine and engineering in Army and 
Navy programs and a few 4-F’s, who 
have followed an integrated scientific 
course of studies. Neither our allies 
nor, so far as we know, our enemies 
have done anything so radical as thus 
to suspend almost completely their 
educational activities in scientific pur- 
suits during the war period.” 


In the United States the question of 
whether a young scientist in college, 
or working in a research laboratory, 
would be inducted into the armed 
service was left largely to the discre- 
tion of the local draft board. Draft 
boards, of course, have only limited 
information as to the needs, methods 
and urgencies of research. They are 
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under the democratic pressure “that 
your boy is no better than my boy.” 

As a consequence, it is estimated 
by a careful inquiry of experts that 
the deficit of science and technology 
students who but for the war would 
have received bachelor’s degrees, is 
about 150,000. And the deficit of those 
obtaining Ph.D. degrees in these fields 
will amount in 1955 to about 17,900. 
It takes at least six years from college 
entry to achieve a doctor’s degree or 
its equivalent in science and engineer- 
ing. This advanced training is quite 
necessary these days for those who are 
to explore the unknown and make the 
necessary developments out of which 
will come new cures for disease, new 
industries and better living conditions. 


Only Part of the Story 


These figures from the Bush report 
on our great endless frontier, which is 
science, tell only part of the story. 
These figures show only the great lack 
of scientific research personnel in or- 
der to keep our nation’s scientific and 
technological resources at the level 
that they were before the war. 

Now that the war is ended, truly 
tremendous research programs are 
being announced and discussed. One 
industrial operation alone is to spend 
$20,000,000 on a new research labora- 
tory and expand manyfold its already 
extensive investigational facilities. The 
Bush report recommends federal re- 
search expenditures of $33,000,000 for 
the first year, rising to $122,500,000 at 
the end of five years, this expenditure 
to be in addition to the regular federal 
expenditures for research at a peace- 
time level. 

Real need of scientists of the future 
is for this reason much greater than 
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the estimates of deficits would indi- 
cate. For every scientist that worked 
before or during the war, two or three 
will be needed after the war. At leas 
a quarter of a million young men and 
women should get back to college as 
fast as possible and begin studying 
these science and technical courses 
which they have been unable to pur- 
sue due to the interruption of the war. 
This figure does not include the 
need for medical students to augment 
and maintain our supply of doctors in 
this country, nor does it include the 
related specialties of dentistry, phar- 
macy, veterinary medicine, etc. 


Neither does it include the need of 
technically trained workers for control 
and development in industrial plants 
that make chemicals, metals, machin- 
ery and the other thousand and one 
things that are needed in the peace- 
time world. 

One of the greatest blows to the 
continuance of scientific training by 
young men in the armed services was 
the placing in the infantry of approxi- 
mately 100,000 Army specialized train- 
‘ng corps men, about the middle of 
1943. Up to that time the Army, a 
well as the Navy, had a college train- 
ing program in many _ institutions 
throughout the country in order to 
provide the armed services with the 
technical and scientific personnel that 
was needed. This program was for all 
practical purposes wiped out in 194 
by the decision that placed all of these 
young men in the infantry, prepara 
tory to the European invasion. Wheth- 
er this sacrifice was needed to provide 
additional strength to the infantry will 
be a judgment of history. It is indis 
putable, however, that our scientific 
forces would, in all probability, he in 
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much better condition now if this well- 
thought-out program had not been 
abandoned at that time. 


There would have been some loss 
in scientific training even if the Army 
specialized training program had con- 
tinued because the subjects taken in 
these college courses as arranged by 
the Army were oriented toward mili- 
tary service rather than toward basic 
sientific technological service. The 
Navy’s various V-programs for officer 
training in colleges were not inter- 
rupted in this manner, and it is to be 
expected that a larger percentage of 
the young men in the Navy with po- 
tential scientific research abilities will 
eventually have a larger and earlier 
opportunity to enter into scientific re- 
search and development work. 


To rescue the generation of young 
potential scientists now in uniform, 
the Army and the Navy are being 
urged by Dr. Bush and his committee 
to search out, discover and send back 
to college immediately those men who 
prior to or during the war have given 
evidence of talent for science. 


These scientifically talented young 
men, under this plan, would be or- 
dered, by name, to duty in the United 
States as students for training in sci- 
ence and engineering of a grade and 
quality available to civilians in normal 
times. 


The total number that would be 
selected on merit alone would prob- 
ably be no more than 100,000 which, 
under present conditions, would hard- 
ly have military significance. 


But for building up the nation’s 
scientific strength, that number would 
be very significant. These men would 
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constitute the premium crop of future 
scientists. 

Although these careful recommen- 
dations have been on the President's 
desk for several months and the Bush 
report itself has been public property 
for several weeks, so far as is known 
no steps are being taken to put into 
effect the suggested program or any 
modification of it. 

Officials Insistent 

High military officials are insistent 
that there be continued scientific re- 
search along military lines in order 
that our fighting forces in time of 
peace may maintain a supremacy 
which will either prevent war or give 
us the necessary fighting power in 
case we are again attacked. Scientific 
research is considered of major im- 
portance in Army and Navy plans for 
the future. By inaugurating this sal- 
vage of scientific talent within the 
ranks of the Army and Navy, those 
in command now can provide for 
future emergencies a national resource 
which cannot be purchased with dol- 
lars or any amount of sacrifice when 
the emergency arises. 

Believing that soldiers in the servies 
being discharged from the Army will 
need more college training than they 
will be able to get under the GI Bill 
of Rights, the report urges that in the 
case of those who are found to have 
marked scientific talent, the amount 
of education given under the GI Bill 
of Rights should be dependent upon 
the ability to profit from the educa- 
tion rather than just length of service. 

The 18-year-old boys who are being 
inducted into the armed services 
month by month still include those 
of great scientific promise who in 
England and Russia under the most 
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severe conditions of the war would 
not have been allowed to enter the 
armed services. Instead, they would 
have been ordered to go into prepara- 
tion for scientific research careers. 

In the interest of our future mili- 
tary defense as well as our peacetime 
progress, the Army and the Navy 
might well take the initiative in keep- 
ing these few boys at their scieuitific 
studies rather than allow them to join 
the fighting forces. 

How to provide for the constant 
renewal of our scientific talent is an- 
other major problem and a national 
program to that end has been sug- 
gested. 

To insure through the long future 
an adequate supply of scientists and 
engineers for America, the recom- 
mended national science talent pro- 
gram would discover, train and main- 
tain as a National Science Reserve 
some 6,000 potential scientists each 
year. 

This “army” of young scientists 
would, after their training in various 
colleges on national scholarships, go 
into universities, laboratories, or in- 
dustrial or governmental research or- 
ganizations as they wish. But, in a 
national emergency: they would be 
liable for call into federal service for 
scientific or technical work. 

Under the plan suggested by the 
science talent committee headed by 
Dr. Henry Allen Moe and included 
in the Bush report on postwar scien- 
tific research, a total of 24,000 national 
science scholarship holders would be 
in college at any one time. There 
would be 900 fellows doing advanced 
work for the Ph.D. degree at any one 
time. 

Selected from all parts of the coun- 
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try solely on the basis of merit, with. 
out regard to sex, color, race, creed or 
need, these potential scientists would 
receive scholarships patterned after the 
educational provision of the GI Bill 
of Rights. Tuition in any approved 
college would be paid up to $500 a 
year, and personal support of $50 a 
month if single and $75 a month if 
married would be provided. 

When fully in operation the plan 
would cost $29,000,000 a year, a sor 
of insurance premium for the nation 
against stagnation in invention, scien- 
tific discovery, and industry, and an 
investment in national defense. One 
thing industrialists are sure of is that 
new products and methods must come 
from research if business is to be good. 
Military men are convinced that the 
weapons of any next war will not be 
those of this war, but will come out 
of research laboratories of the future, 
manned by the young scientists to be 
discovered and nurtured under this 
science talent plan. 


Not Untried Experiment 

This plan for a federally supported 
science talent search is no untried in- 
novation in educational and scientific 
method. For the past four years, the 
Science Talent Search for the West- 
inghouse Science Scholarships has 
been conducted by Science Clubs of 
America as a Science Service activity. 
While the numbers and amounts of 
scholarships granted under this pro 
gram are much smaller each year, 300 
of the most scientifically talented boys 
and girls in the nation have been lo 
cated and, with the exception of the 
boys who were inducted in the armed 
services, most of them have been given 
opportunities for intensive scientific of 
technical study. 
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The Science Talent Search utilizes 
the newest psychological selection tech- 
niques, and combines a science apti- 
tude test rating with searching evalu- 
ation of personal qualities and scholas- 
tic record. These methods of selec- 
tions are proposed for use in the larger 
federal plan, which would use nation- 
al examinations leading to selection by 
boards of judges in each of the states. 


Although the first Science Talent 
Search was held at the beginning of 
America’s entry into the war, some of 
the winners have already graduated 
from college and are doing research 
for advanced degrees, in some cases 
on military problems. 


These Science Talent Searches for 
the past four years (the fifth one is 
being conducted this fall and every 
high school senior is eligible to com- 
pete) have shown that science talent 
may be found in the big cities. the 
small towns and the farms, in those 
whose parents are poor and in those 
with millionaire fathers or mothers, 
in those born here and those who 
came to our land as refugees. 


Good science teaching in school 
from the first grade through the high 


school is needed to be sure that the sci- 
entifically talented do not go through 
the educational mill without their in- 
terest in science being awakened. 


The intelligent reporting by Ameri- 
can newspapers of scientific news is of 
major value in bringing the impor- 
tance, method and possibilities of sci- 
ence to the attention of young people 
who possess scientific talent but who, 
except for the press, might never 
know of the opportunities and needs 
in this important field. 


There exists in America the largest 
science organization in the world, the 
more than 150,000 members of Sci- 
ence Clubs of America, organized in 
some 7,500 clubs in the nation’s high 
schools. From among these boys and 
girls who make science their serious 
hobby, many of America’s scientists 
of the future will come. 


How good a job they will be able 
to do in building us all a better future 
will depend in large measure on how 
thoroughly America searches for latent 
science talent and whether this search 
is supported with the necessary dollars 
and intelligent planning. 


Better Than Gasoline 


> A NEw FUEL substitute for gasoline 
that gives one-fourth more power in 
a properly designed internal-combus- 
tion engine is reported by Donald E. 
Brooks of the National Bureau of 
Standards. A blend of certain non- 
hydrocarbons, the fuel, if used in an 
ordinary gasoline engine may give up 
to 5% more power than gasoline, he 
stated. 

The components of the new blend 
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are ethyl alcohol, diethyl ether, ace- 
tone and butanol. These can also be 
used “straight” in some cases, Mr. 
Brooks stated. His conclusions are 
based upon tests of substitute motor 
fuels conducted in a precision single- 
cylinder variable compression engine 
in the Bureau’s automotive laboratory 
at the request of the Foreign Econo- 
mic Administration of the Office for 
Emergency Management. 
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Does Plutonium Belong in Group VIII 
Or Is There Something New in the Table? 


Chemistry of Plutonium 


Chemists working on the pluto- 
nium problem practically conjured 
two new elements out of uranium and 
some spare neutrons. How would 
these unknown extrapolations of the 
periodic law behave? Would that last 
line of the table behave as expected, 
or would the new elements surprise 
us, as so many new elements have in 
the past? A large part of the Smyth 
Report, officially issued by the War 
Department, appeared in the Septem- 
ber issue of Cuemistry, but this sec- 
tion, devoted to the chemistry of the 
bomb element, is among the most 
fascinating of all. 
> THe mMepiATE object of building 
a uranium-graphite pile was to prove 
that there were conditions under 
which a chain reaction would occur, 
but the ultimate objective of the labo- 
ratory was to produce plutonium by a 
chain reaction. Therefore we are in- 
terested in the relation between the 
power at which a pile operates and 
the rate at which it produces plu- 
tonium. The relation may be evalu- 
ated to a first approximation rather 
easily. A pile running stably must 
be producing as many neutrons as it 
is losing. For every thermal neutron 
absorbed in U-235 a certain number 
of neutrons, y, is emitted. One of 
these neutrons is required to maintain 
the chain. Therefore, assuming the 
extra neutrons all are absorbed by 
U-238 to form plutonium, there will 
be » — 1 atoms of Pu**® formed for 
every fission. Every fission releases 
roughly 200 Mev of energy. Therefore 
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the formation of 7 — | atoms of plu- 
tonium accompanies the release of 
about 200 Mev. Since 7 — 1 is a small 
number, we can guess that to produce 
a kilogram a day of plutonium a 
chain-reacting pile must be releasing 
energy at the rate of 500,000 to 1,500, 
000 kilowatts. The first chain-react- 
ing pile that we have just described 
operated at a maximum of 200 watts. 
Assuming that a single bomb will re- 
quire the order of one to 100 kilo 
grams of plutonium, the pile that has 
been described would have to be kept 
going at least 70,000 years to produce 
a single bomb. Evidently the prob- 
lem of quantity production of plu- 
tonium was not yet solved. 


The Chemistry of Plutonium 
The second specific objective of the 
Metallurgical Laboratory was to show 
that, if a chain reaction did occur, it 
would be feasible to separate the plu- 
tonium chemically from the other 
material with which it is found. Pro- 
gress towards this objective was ne- 
cessarily slower than toward the at- 
tainment of a chain reaction. Initially 
little was done at the Metallurgical 
Laboratory on chemical problems l- 
though the extraction problem was 
discussed in a conference soon after 
the project was organized and the 
work of Seaborg’s group at the Uni- 
versity of California on plutonium 
was encouraged. 


On April 22-23, 
1942, a general conference on chem § 
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Urey, E. Wigner, N. Hilberry, G. E. 
Boyd, I. B. Johns, H. A. Wilhelm, I. 
Perlman, A. C. Wahl, and J. A. 
Wheeler. Spedding, in opening the 








plu. fy meeting, pointed out that there were 
of two main tasks for the chemists: first, 
nall @ ‘© Separate plutonium in the amounts 





and purity required for war purposes; 
second, to obtain a good understand- 
ing of the chemistry necessary for the 
construction and maintenance of the 
pile. The separation problem was to 
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kept lated groups at Chicago were to be 
duce ©: D. Coryell’s, working on the fis- 
prob- jy son products, and Boyd’s on analyti- 
plu. «al problems. The chemistry group 
at Chicago has grown speedily since 
that time. A new building had to be 
= constructed to house it late in 1942, 
of the and this building was enlarged sub- 
show sequently. Altogether, the solving of 
“ut, many of the chemical problems has 
e plu Bicen one of the most remarkable 
oes achievements of the Metallurgical 
1. Pro- Laboratory. 
he * The first isotope of plutonium dis- 
‘itialls covered and studied was not the 239 
argical OPE but the 238 isotope, which is 
ms aa alpha-ray emitter with a half-life 
a was about 50 years. U-238 bombarded 
he with deuterons gives 93Np738_ which 
as ie disintegrates to o1Pu*** by beta emis- 
ie Uni °°": The first evidence of the actual 
ronium etstence of these new elements, (rul- 
57.93 Bg out the original erroneous in- 
| aad ‘pretation of the splitting of ura- 
tended 4m as evidence for their existence) 
icle, GA" obtained by E. McMillan and 
ELC. >. H. Abelson who isolated 93-238 











‘tom uranium bombarded with deu- 
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terons in the Berkeley cyclotron. This 
new element was identified as a beta 
emitter but the sample was too small 
for isolation of the daughter product 
94-238. Later enough Pu-238 was 
prepared to permit Seaborg, Ken- 
nedy and Wahl to begin the study 
of its chemical properties in the 
winter of 1940-1941 by using tracer 
chemistry with carriers according to 
practice usual in radio-chemistry. By 
such studies many chemical proper- 
ties of plutonium were determined, 
and several possible chemical proces- 
ses were evolved by which Pu-239 
might be removed from the chain- 
reacting pile. The success of experi- 
ments on a tracer scale led to plans 
to produce enough Pu-239 to be treat- 
ed as’an ordinary substance on the 
ultra-microchemical scale. Such quan- 
tities were produced by prolonged 
bombardment of several hundred 
pounds of uranyl nitrate with neu- 
trons obtained with the aid of cyclo- 
trons, first at Berkeley and later at 
Washington University in St. Louis. 
By the end of 1942, something over 
500 micrograms had been obtained in 
the form of pure plutonium salts. Al- 
though this amount is less than would 
be needed to make the head of a pin, 
for the micro-chemists it was sufficient 
to yield considerable information; for 
one microgram is considered suff- 
cient to carry out weighing experi- 
ments, titrations, solubility studies, 
etc. 

From its position in the periodic 
table, plutonium might be expected 
to be similar to the rare earths or to 
uranium, thorium, or osmium. Which 
of these it will resemble most closely 
depends, of course, on the arrange- 
ment of the outermost groups of elec- 
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trons and this arrangement could 
hardly have been predicted. On the 
whole, plutonium turned out to be 
more like uranium than like any of 
the other elements named and might 
even be regarded as the second mem- 
ber of a new rare-earth series begin- 
ning with uranium. It was discovered 
fairly early that there were at least 
two states of oxidation of plutonium. 
(It is now known that there are four, 
corresponding to positive valences of 
3, 4, 5, and 6.) Successful micro- 
chemical preparation of some pluto- 
nium salts and a study of their prop- 
erties led to the general conclusion 
that it was possible to separate plu- 
tonium chemically from the other 
materials in the pile. This conclusion 
represents the attainment of the sec- 
ond immediate objective of the Met- 
allurgical Laboratory. Thus, by the 
end of 1942, plutonium, entirely un- 
known eighteen months earlier, was 
considered an element whose chem- 
ical behavior was as well understood 
as that of several of the elements of 
the old periodic table. 


Besides the major problems we have 
mentioned, i.e., the chain reaction, the 
chemical separation, and the planning 
for a production plant, there were in- 
numerable minor problems to be 
solved. Among the more important 
of these were the improvement of 
neutron counters, ionization cham- 
bers, and other instruments, the study 
of corrosion of uranium and alumi- 
num by water and other possible cool- 
ants, the determination of the effects 
of temperature variation on neutron 
cross sections, the fabrication of ura- 
nium rods and tubes, the study of 
fission products, and the determina- 
tion of the biological effects of 
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radiation. As typical of this kind of 
work we can cite the development of 
methods of fabricating and coating 
uranium metal, under the direction of 
E. Creutz. Without the accomplish- 
ment of these secondary investiga- 
tions the project could not have reach- 
ed its goal. 


The Fast-Neutron Reaction 

The third initial objective of the 
Metallurgical Project was to obtain 
theoretical and experimental data on 
a “fast neutron” reaction, such as 
would be required in an atomic bomb. 
This aspect of the work was initially 
planned and coordinated by G. Breit 
of the University of Wisconsin and 
later continued by J. R. Oppenheimer 
of the University of California. Since 
the actual construction of the bomb 
was to be the final part of the pro- 
gram, the urgency of studying such 
reactions was not so great. Conse- 
quently, little attention was given to 
the theoretical problems until the 
summer of 1942, when a group was 
organized at Chicago under the 
leadership of Oppenheimer. 

In the meantime experimental 
work initiated in most instances by 
G. Breit, had been in progress (under 
the general direction of the Metal- 
lurgical Project) at various institu- 
tions having equipment suitable for 
fast-neutron studies (Carnegie In- 
stitution of Washington, the National 
Bureau of Standards, Cornell Uni- 
versity, Purdue University, Univer 
sity of Chicago, University of Minne- 
sota, University of Wisconsin, Uni- 
versity of California, Stanford Uni- 
versity, University of Indiana, and 
Rice Institute). The problems under 
investigation involved scattering, ab 
sorption and fission cross section, the 
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energy spectrum of fission neutrons, 
and the time delay in the emission of 
fission neutrons. For the most part 
this work represented an intermediate 
step in confirming and extending 
previous measurements but reached 
no new final conclusions. This type of 
work was subsequently concentrated 
at another site. 

As indicated by the “Feasibility 
Report” (in a section written by J. 
H. Manley, J. R. Oppenheimer, R. 
Serber, and E. Teller) the picture had 


changed significantly in only one re- 
spect since the appearance of the 
National Academy Report a year 
earlier. Theoretical studies now show- 
ed that the effectiveness of the atomic 
bomb in producing damage would be 
greater than had been indicated in 
the National Academy report. How- 
ever, critical size of the bomb was still 
unknown. Methods of detonating the 
bomb had been investigated some- 
what, but on the whole no certain an- 
swers had been arrived at. 


Planning a Plutonium Production Plant 


> As WE HAVE seen, the initial ob- 
jectives of the Metallurgical Labora- 
tory* had been reached by the end of 
1942, but the ultimate objectives, the 
production of large quantities of plu- 
tonium and the design and fabrica- 
tion of bombs, were still far from at- 
tained. The responsibility for the de- 
sign and fabrication of bombs was 
transferred to another group about 
this time. The production of Pu-239 
in quantity has remained the princi- 
pal responsibility of the Metallurgical 
Laboratory although shared with the 
du Pont Company since the end of 
1942. 

On the basis of the evidence avail- 
able it was clear that a plutonium 
production rate somewhere between 
a kilogram a month and a kilogram 
aday would be required. At the rate 
of a kilogram a day, a 500,000 to 
1,500,000 kilowatt plant would be re- 
quired. (The ultimate capacity of the 
hydroelectric . power plants at the 
Grand Coulee Dam is expected to be 
2,000,000 kw.) Evidently the creation 
of a plutonium production plant of 


the required size was to be a major 
enterprise even without attempting 
to utilize the thermal energy liber- 
ated. Nevertheless, by November 
1942 most of the problems had been 
well defined and tentative solutions 
had been proposed. Although these 
problems will be discussed in some 
detail in the next chapter, we will 
mention them here. 


Since a large amount of heat is 
generated in any pile producing ap- 
preciable amounts of plutonium, the 
first problem of design is a cooling 
system. Before such a system can be 
designed, it is necessary to find the 
maximum temperature at which a 
pile can run safely and the factors— 
nuclear or structural—which de- 
termine this temperature. Another 
major problem is the method for 
loading and unloading the uranium, 
a problem complicated by the shield- 
ing and the cooling system. Shield- 
ing against radiation has to be plan- 
ned for both the pile itself and the 
chemical separation plant. The na- 
ture of the separation plant depends 


* Preparation of plutonium. Cf. Sept. Cuemustry, p. 47. 
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on the particular separation process 
to be used, which has to be decided. 
Finally, speed of procurement and 
construction must be primary factors 
in the planning of both the pile and 
the chemical plant. 


Possible Types of Plant 

After examining the principal fac- 
tors affecting plant design, i.e., cool- 
ing, efficiency, safety, and speed of 
construction, the “Feasibility Report” 
suggested a number of possible plant 
types in the following order of pref- 


erence: 


I. a. Ordinary uranium metal 
lattice in a graphite mod- 
erator with helium cool- 
ing. 

. The same, with water 
cooling. 

. The same, with molten 
bismuth cooling. 


- Ordinary uranium metal lat- 
tice in a heavy-water mod- 
erator. 

. Uranium enriched in the 235 
isotope using graphite, heavy 
water, or ordinary water as 
moderator. 


Types II and III were of no im- 
mediate interest since neither enrich- 
ed uranium nor heavy water was 
available. Development of both these 
types continued however, since if no 
other type proved feasible they might 
have to be used. Type I c, calling for 
liquid bismuth cooling, seemed very 
promising from the point of view of 
utilization of the thermal energy re- 
leased, but it was felt that the tech- 
nical problems involved could not be 
solved for a long time. 


16 


The Pilot Plant at Clinton 

During this period, the latter half 
of 1942, when production plants were 
being planned, it was recognized that 
a plant of intermediate size was de- 
sirable. Such a plant was needed for 
two reasons: first, as a pilot plant; 
second, as a producer of a few grams 
of plutonium badly needed for ex- 
perimental purposes. Designed as an 
air-cooled plant of 100-kw capacity, 
the intermediate pile constructed at 
Clinton, Tennessee, might have serv- 
ed both purposes if helium cooling 
had been retained for the main plant. 
Although the plans for the main 
plant were shifted so that water cool- 
ing was called for, the pilot plant was 
continued with air-cooling in the be 
lief that the second objective would 
be reached more quickly. It thus 
ceased to be a pilot plant except for 
chemical separation. Actually _ the 
main plant was built without benefit 
of a true pilot plant, much as if the 
hydroelectric generators at Grand 
Coulee had been designed merely 
from experience gained with a gen- 
erator of quite different type and of 
a small fraction of the power. 
Specific Proposals 

As reviewed by Hilberry in the 
“Feasibility Report” of November 26, 
1942, the prospects for a graphite pile 
with helium cooling looked promis 
ing as regards immediate production; 
the pile using heavy water for mod- 
erator and using heavy water or ordi- 
nary water as coolant looked better for 
eventual full-scale use. A number of 
specific proposals were made for con- 
struction of such plants and for the 
further study of the problems im 
volved. These proposals were based 
on time and cost estimates which 
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were necessarily little better than 
rough guesses. As a result of further 
investigation the actual program of 
construction—described in later chap- 
tes—has been quite different from 


that proposed. 
Summary 


The procurement problem which 
had been delaying progress was es- 
sentially solved by the end of 1942. A 
small self-sustaining graphite-ura- 
nium pile was constructed in No- 
vember 1942, and was put into opera- 
tion for the first time on December 2, 
1942, at a power level of 4 watt and 
later at 200 watts. It was easily con- 
trollable thanks to the phenomenon 
of delayed neutron emission. A total 
of 500 micrograms of plutonium was 
made with the cyclotron and separat- 
ed chemically from the uranium and 


fission products. Enough was learned 
of the chemistry of plutonium to indi- 
cate the possibility of separation on a 
relatively large scale. No great ad- 
vance was made on bomb theory, but 
calculations were checked and experi- 
ments with fast neutrons extended. 
If anything, the bomb prospects look- 
ed more favorable than a year earlier. 

Enough experimenting and plan- 
ning were done to delineate the prob- 
lems to be encountered in construct- 
ing and operating a large-scale pro- 
duction plant. Some progress was 
made in choice of type of plant, first 
choice at that time being a pile of 
metallic uranium and graphite, cool- 
ed either by helium or water. A spe- 
cific program was drawn up for the 
construction of pilot and production 
plants: This program presented time 
and cost estimates. 


Magnitude of the Plutonium Problem 


> THE PropucTION of one gram of 
plutonium per day corresponds to a 
generation of energy at the rate of 500 
to 1500 kilowatts. Therefore a plant 
for large-scale production of plu- 
tontum will release a very large 
amount of energy. The problem there- 
fore was to design a plant of this 
capacity on the basis of experience 
with a pile that could operate at a 
power level of only 0.2 kilowatt. As 
regards the plutonium separation 
work, which was equally important, 
it was necessary to draw plans for 
an extraction and purification plant 
which would separate some grams a 
day of plutonium from some tons of 
uranium, and such planning had to 
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be based on information obtained by 
microchemica! studies involving only 
half a milligram of plutonium. To be 
sure, there was information available 
for the design of the large-scale and 
separation plant from auxilliary ex- 
periments and from large-scale studies 
of separation processes using uranium 
as a stand-in for plutonium, but even 
so the proposed extrapolations both 
as to chain-reacting piles and as- to 
separation processes were staggering. 
In peacetime no engineer or scientist 
in his right mind would consider 
making such a magnification in a 
single stage, and even in wartime only 
the possibility of achieving tremend- 
ously important results could justify it. 





Radioactive Poisons from Fission 


> As PREVIOUSLY STATED, the frag- 
ments resulting from fission are in 
most cases unstable nuclei, that is, 
artificially radioactive materials. It is 
common knowledge that the radia- 
tions from radioactive materials have 
deadly effects akin to the effects of 
X-rays. 

In a chain-reacting pile these radio- 
active fission products build up as the 
reaction proceeds. (They have, in 
practice, turned out to be the most 
troublesome feature of a reacting pile.) 
Since they differ chemically from the 
uranium, it should be possible to ex- 
tract taem and use them like a parti- 
cular:¥ vicious form of poison gas. 


Chem Quiz 


This idea was mentioned in the Na- 
tional Academy report and was de. 
veloped in a report written December 
10, 1941, by E. Wigner and H. D. 
Smyth, who conciuded that the fission 
products produced in one day’s run 
of a 100,000 kw chain-reacting pile 
might be sufficient to make a large 
area uninhabitable. 

Wigner and Smyth did not recom. 
mend the use of radioactive poisons 
nor has such use been seriously pro 
posed since by the responsible authori- 
tes, but serious consideration was 
given to the possibility that the Ger- 
mans might make surprise use of 
radioactive poisons and defensive 
measures were planned. 


Among the Immortals 


> Many oF the elements are named for mythological characters, gods or devils 
of the pagan world. Below is a list of these elements and, in scrambled order, 
what these beings were noted for. Can you match the character and the element? 
If not, turn to page 28. 


1. He had wings on his feet. 
2. She was beautiful. 
3. He threw the hammer. 
4. They played tricks on miners. 
5. She fell from heaven. 
. They were big shots. 
. He sowed dragon’s teeth. 
8. He was a mischievous devil. 
. She planted wheat. 
. Me never took a drink. 
. She was a weather prophet. 
. He was all wet. 


. He was the grand-daddy of them all. 
. He caused many spirits to depart. 


. Cadmium 
. Cerium 
. Cobalt 
. Iridium 

=. Mercury 
. Neptunium 
. Nickel 
. Palladium 
. Plutonium 
. Tantalum 
. Thorium 
. Titanium 
. Uranium 
. Vanadium 
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Overdose of the Stimulant of War 
May Cause Death of Civilization 


Too Dangerous For The Human Race 


> IN A FEW YEARS every nation in the It is a primary fact of science that 
world will know how to make atomic oftentimes the only clue which a sci- 
bombs, Dr. Frank C. Whitmore, dean entist needs to solve even the most 
of the school of chemistry and physics difficult problem is the definite knowl- 
of The Pennsylvania State College, edge that some other scientist has 
predicted in an address accepting the solved it. In other words, we can as- 
Willard Gibbs Medal of the Chicago sume that within a very few years 
Section of the American Chemical every nation will know how to make 
Society, one of the highest honors atomic bombs. Any other assumption 
conferred by American science. would be highly dangerous. 


Attempts either to keep the “secret” Attempts to “outlaw the bomb” 
of atomic energy or “to outlaw the would be another bit of folly. Any 
bomb” are doomed to failure, said group with the power to prevent the 
Dean Whitmore, holding that only a use of.the atomic bomb would have 
powerful world organization can en- to have powers sufficient to prevent 
force peace. Civilization, he asserted, war. That should be the goal. It is no 


is dangerously close to the point where longer a matter of idealism but one 
death may result from an overdose of of simple survival. 


the sti f war. . 
Be imulant et : The atomic bomb has made war too 
No one is wise enough to predict 
dangerous for the human race. An 
or even guess the future of nuclear tail 
‘ ; q” organization powerful enough must 
power, as it should really be called,” 1°” maintained to enforce peace. Is 
declared Dean Whitmore, pointing 5 
; © there any reason to suppose that the 
out that without the use of atomic ‘orld S 
world can get along without some 


tnergy science and technology can ¢ or oy: be . 
; police any better than the city 
merproduce food, clothing and shel- ¢¢ Boston did when it was without a 


ter for all the inhabitants of the earth. tins Secee tine: kine 
Germany and Japan, he urged, should P°'"“ 
be forced to employ their technologi- Discussing the atom as a source of 
cal resources in the production of ne- scene ral power, Dean Whitmore said 
cessities for all peoples. that, “as a matter of fact, we know 
While I agree that we should tell how to create an age of plenty without 
nobody what we have learned about 4"Y use of atomic energy. 
atomic energy for the present, it is the Our present sources of energy in 
purest folly to imagine that such in- the form of coal, oil, natural gas, and 
formation can be kept ‘secret’ very water power, he continued, are ade- 
long, Dean Whitmore said. Scientists quate for at least five hundred years. 
ll over the world will soon'work out Without the use of the new energy, 
he problem in their own way. science and technology have given us 
ISTRY 
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the knowledge of how to overproduce 
food, clothing and shelter not only for 
relatively few people in the United 
States but eventually for the entire 
two billion two hundred million of 
the earth’s inhabitants. 


This has been possible since the de- 
velopment of the production of arti- 
ficial fertilizers from air just before 
the First World War. It will take 
time. This time can be shortened by 
increasing the supply of technically 
trained men and women and putting 
them to work as far as possible on the 
problem of seeing that no human 
being needs to do without adequate 
food, clothing and shelter. One of the 
things to be done in Germany and in 
Japan is to force these nations, if neces- 
sary, to concentrate all of their scien- 
tific and technical ability on this fun- 
damental problem. For this the atom 
need not be disrupted. 


Few people realize the extent to 
which war acts as a stimulant for hu- 
man activities, Dean Whitmore added. 
The splitting of the uranium atom 
might well have taken at least fifty 
years in peacetime. Under the stimu- 
lation of war it was pushed to comple- 
tion in less than four. The stimulating 
effect of war on mankind’s activities 
works between wars and especially on 
each succeeding war. 

In the Spanish American War our 
most deadly implement was supposed 
to be the Vesuvius, a dynamite gun- 
boat. Its function was to throw by 
means of compressed air a small ash 
can full of dynamite at the enemy. 
It was one of those good ideas which 
never seemed to work. 

In the First World War the sup- 
posedly deadly implement was the 
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Zeppelin dropping a bomb composed 
of a mixture of TNT and ammonium 
nitrate. In terms of our modern con. 
ceptions that was not a very deadh 
combination. In that war we lost fift 


thousand killed. 


In the Second World War the Ger. 
mans made a start in really deadly 
bombing and the Allies then showed 
them how to do it. Super explosives 
far more powerful than TNT were 
developed and used. Then came the 
atomic bomb with the destructive re- 
sults known to us all from a safe dis 
tance—for the present. In this war we 
had a quarter of a million men killed 
Without the atomic bomb the war 
might well have dragged on until we 
had lost two or three times that many 


We have now reached the point 
which comes with any stimulant. The 
stimulant becomes more and more ef- 
fective, is constantly taken in larger 
doses, and with ever increasing re- 
finements of stimulation. Then come: 
the point when stimulation is followed 
by death—the death of the organism 


We should all be warned that we 
are dangerously close to that point 
The atomic bomb must not be used 
again. This does not mean that i 
should be “outlawed” by some inter- 
national meeting of well meaning old 
ladies of both sexes. It must be abol- 
ished in the only possible way, namely, 
by the abolition of war. 


Up to August 6 a good share of the 
human race looked upon war in 3 
more or less fatalistic way, and fel 
that it was hopeless ever to stop wat 
Human beings seem born to fight. 
Much effort was spent and wasted on 
efforts to promote what was fatuousl} 
called “civilized warfare.” At long las 
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we recognized that there can be no 
such thing as civilized warfare. The 
two words simply do not go together. 

Indiscriminate destruction of non- 
combatants and women and children 
is never civilized but, for that matter, 
dashing in a man’s head with a stone 
axe in the good old days of the cave 
dwellers was not civilized either. 
Neither is the driving and twisting 
of a bayonet into a man’s stomach 
civilized. The point is that we have 
now stimulated ourselves to a point 
where we must not have another war. 


The Willard Gibbs Medal was pre- 
sented to Dean Whitmore at a cere- 
mony held at the Furniture Club of 
America, 666 North Lake Shore 
Drive, by Professor Carl S. Marvel of 
the University of Illinois, president of 
the American Chemical Society. 

Dean Whitmore, 34th recipient of 
the award, was cited for “outstanding 
contributions to organic chemistry, 
and vigorous leadership in organiza- 
uons devoted to the advancement of 
chemistry.” 

Dr. Robert E. Zinn, former chair- 
man of the Chicago Section, delivered 
an address on “The Willard Gibbs 
Medal.” Dr. J. G. Aston of the facul- 
ty of The Pennsylvania State College 
spoke on “Frank Clifford Whitmore.” 

The medal award, founded by Wil- 
liam A. Converse, secretary of the 
Chicago Section from 1901 to 1909, is 
made’ annually “to anyone who, be- 
cause of his eminent work in, and 


original contributions to, pure and ap- 
plied chemistry, is deemed worthy of 
special recognition.” 


The medal is named for the late 
Josiah Willard Gibbs, world-renowned 
American physical chemist and pro- 
fessor of mathematical physics at Yale 
University from 1871 to 1903. 


Dean Whitmore is an authority on 
mercury drugs, has developed a gen- 
eral theory of molecular rearrange- 
ments in organic chemistry, and now 
is doing war research work on avia- 
tion fuels, lubricants, explosives, anti- 
malarials, synthetic rubber, and peni- 
cillin. 

A graduate of Harvard College in 
the class of 1911, Dean Whitmore this 
spring completed thirty-four years in 
the chemical profession. He is the au- 
thor of more than 100 scientific papers, 
and has delivered more than 100 ad- 
dresses at national and local meetings 
of the American Chemical Society, of 
which he was president in 1938. 


Dean Whitmore, born in 1887 at 
North Attleboro, Mass., has been head 
of the School of Chemistry and Phy- 
sics of The Pennsylvania State College 
since 1929. Following undergraduate 
and graduate work at Harvard where 
he received his Ph.D. degree in 1914, 
he taught at Williams College, Rice 
Institute, the University of Minnesota, 
and Northwestern University, where 
he was professor of chemistry and 
head of the department until 1929. 


Corn products and molasses are used in the iron industry to 
bind the sand employed in foundry molds. 


Sodium methylate, a chemical essential in making sulfadiazine 
for medical uses, is now available as a pure white powder, as a 
result of recent laboratory developments, in sufficient quantities 


to meet industrial needs. 
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Laws of Matter, Up-to-Date 


> 1. A single Atom is the tiniest par- 
ticle of any chemical element that can 
exist by itself and retain the qualities 
that mark it as that element. 

2. All material things in the uni- 
verse known to our senses are com- 
posed of one or more Cuemicat ELe- 
MENTS. 

3. Substances composed of more 
than one element are known as Com- 
pounps. Atoms of elements are held 
together in compounds by electrical 
forces in the outer parts of their struc- 
ture. 

4. The smallest unit of a compound, 
usually composed of two or more 
atoms, is known as a MoLEcuLe. 

5. There used to be 92 chemical 
elements, from hydrogen (,;H"), the 
lightest, to uranium (92U7**), the 
heaviest. There are now two new 
elements, Nepruntum (93Np”*®) and 
PLUTONIUM (94Pu”**). 

6. When elements. are represented, 
as above, by their chemical Symsots, 
the subscript number is the atomic 
number. This is different for each ele- 
ment. The superscript number repre- 
sents the atomic weight. 

7. One of the qualities characteristic 
of matter is weight or mass. Atomic 
WeicuT is expressed on a relative 
scale, as compared with the weight of 
hydrogen which is taken as one. 

8. Atomic Numssr is the measure 
of the electric charge on the nucleus 
of the atom. Atomic weight is the 
measure of the atom’s mass. 

9. Different samples of the same 
element, when tested by chemists, are 
sometimes found to have different 
atomic weights. Lead which occurs 
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with radium, for example, has a dif. 
ferent atomic weight from ordinary 
lead. 

10. In all other ways the two kinds 
of lead are chemical twins, exactly 
alike except for weight. Elements 
which differ in weight only are called 
IsoTopEs. 

11. Uranium has several isotopes. 
The usual kind, whose atomic weight 
is 238, was used to produce the two 
new elements. U-235 was used to make 
the Atomic Boms. 

12. Each of the new elements, nep- 
tunium and plutonium, has two iso- 
topes whose atomic weights are 238 
and 239. 

13. Different elements, quite dis. 
tinct in chemical behavior, may have 
the same atomic weight. We have 
92U-238, 93 Np-238 and 94Pu-238, all 
with different properties. Such cle 
ments are now called Isosars. 

14. All atoms are composed of stan- 
dard interchangeable parts. These are 
Protons, Neutrons and E.ectrons. 

15. Protons and neutrons make up 
the Nuccevs of the atom. The struc- 
ture of the atom is much like that of 
the solar system. The nucleus corres 
ponds to the sun at the center. The 
planets are electrons. 

16. The proton and the neutron 
each have a mass about equal to that 
of a hydrogen atom, which is 1 on the 
chemist’s scale. Each is about 1800 
times heavier than the electron. 

17. The Execrrons, light in weight 
and some distance away from the 
heart or nucleus of the atom, revolve 
around the nucleus much as planets 
revolve around the sun. They are held 
in their courses by electric attraction. 
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18. The proton has a Positive 
charge of electricity, the electron has 
a Necative charge equal and opposite 
to the positive aan of the proton. 
The neutron has no charge at all. 

19. The difference in chemical prop- 
erties of the elements is caused by dif- 
ference in the number of protons in 
the nucleus. This is the Atomic Num- 
BER. 

20. Atomic weight is the Sum of 
the weights of the protons and neu- 
trons in the nucleus. 

21. It is the Neutron which figures 
in the transmutations which give 
atomic power. Neptunium and _ plu- 
tonium were formed by bombarding 
uranium 238 with neutrons. 

22. Neutrons can Penetrate to the 
nucleus of heavy atoms when charged 
paticles would be repelled by charges 
in the atom. 

23. The Hyprocen atom is believed 
to have just one proton as its nucleus, 
with one electron circling around it. 
Hydrogen’s atomic weight and atomic 
number are each one. 

24. Hydrogen has one isotope which 
is just like ordinary hydrogen except 
that it is twice as heavy. It is known 
as “heavy hydrogen” and sometimes 
as Deurertum. Its compound with 
oxygen is called “heavy water.” 

25. The nucleus of Heavy Hypro- 
cEN contains one proton and one neu- 
tron. The atomic number of heavy 
hydrogen is one, corresponding to one 
proton. The atomic weight is two, 
corresponding to the two heavy par- 
ticles, proton and neutron. 

26. Hetrum has two protons and 
two neutrons in its nucleus. The two 
protons correspond to helium’s atomic 
number two. The combined weights 
of protons and neutrons in the nucleus 
give helium its atomic weight 4. Two 
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electrons, held in their orbits by the 
two protons, revolve around the nu- 
cleus. 

27. The Votume of an atom is de- 
termined by the orbits of its outer- 
most revolving electrons. Only a small 
fraction of the size of an atom is ac- 
tually occupied by the protons, neu- 
trons and electrons, just as the space 
occupied by the sun, the earth and 
other planets is only a small part of 
our solar system. 

28. In spite of all the unoccupied 
SPACE, an atom is quite IMPENETRABLE 
to other atoms and to larger bodies. 
The electrons revolve millions of times 
a second, and keep everything out of 
the space within quite as effectively as 
though they were everywhere at once. 

29.-The only things that can get 
inside an atom are smaller things, 
FracMEnts of other atoms, protons, 
neutrons, or electrons. They must be 
shot with just the right speed. These 
fragments of atoms are observed as 
radiations given off by radio-active 
elements which are breaking up spon- 
taneously. 

30. RADIATION is wave motion, 
known to us as the electromagnetic 
waves used for radio transmission, 
heat, light, X-rays and cosmic rays. 
Large numbers of extremely tiny 
particles in motion together act like 
waves. 

31. Three types of radiation are 
given off by radio-active substances. 
Atpua particles are high-speed nuclei 
of helium atoms. Beta particles are 
high-speed electrons. Gamma rays are 
electromagnetic radiations similar to 
X-rays and light. 

32. Of these, only the gamma rays 
are properly called radiations, and 
even these act very much like particles 
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because of their short wave-length. 
Such a “particle” or quantum of gam- 
ma radiation is called a Proton. 

33. In general, the gamma rays are 
very penetrating, the alpha and beta 
rays less so. Even though the alpha 
and beta rays are not very penetrating, 
they have enormous Speen. 

34. The speed with which atom 
particles travel is the source of atomic 
energy. Enercy is capacity to do work. 
It is work stored up for future use. 

35. If you raise a weight above the 
ground and suspend it there by some 
device, the Work you put into raising 
it can be stored there indefinitely as 
PorentiaL Enercy. It will be there, 
ready, whenever you decide to release 
it 


36. The energy which a moving 
body has because it is in motion is 
called Kinetic Enercy. The kinetic 
energy of any particle depends upon 


its mass and the square of its velocity. 
Energy is conserved by the. moving 
particle until it strikes an object, then 
work is done. 

37. All Enercy is either potential 
or kinetic. Either one can be converted 
into the other. These two conversions 
are continually occurring. 

38. Particles of atomic size have 
kinetic energy arising from several dif- 
ferent kinds of Morton. All atoms are 
constantly in motion. 

39. If the atoms are so dispersed 
that the material constituting them is 
a Gas, that gas will exert pressure on 
all sides of the container that holds it. 
If the container is a balloon bag, the 
imprisoned gas can do work by lifting 
heavy weights into the air. 

40. Atoms which compose an ele- 
ment that will combine readily with 
another element, as hydrogen or car- 
bon will combine with oxygen, have 
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unsymmetrical arrangements of the 
outer electrons in their systems. Thes 
unsymmetrical arrangements tend to 
set up a sort of strain, which causes 
CuemicaL ComBinaTion to take place 
when elements with suitable combin- 
ing powers are brought together. 

41. These unsymmetrical arrange. 
ments give rise to Forces which result 
in kinetic energy. This energy appears, 
for example, when carbon and oxygen 
burn to carbon dioxide, giving of 
heat, or hydrogen and oxygen explode 
to form water, again giving off heat. 

42. Chemicals combining to form 
stable compounds give off energy in 
the process. These are known as Exo 
THERMIC Reactions. Combinations 
which absorb energy, forming unstable 
compounds, are known as Enporuer- 
mic Reactions. Explosives, for exam- 
ple, which are highly unstable, are 
formed by endothermic reactions. 

43. Chemical forces, electricity and 
heat are all forms of energy. Potential 
and kinetic energy may be distin- 
guished in each case. 

44. These energies all arise from 
motion of the atom as a whole, or 
motion resulting from attractions and 
repulsions between the outer Pxav- 
ETARY Evectrons of the atom’s struc- 
ture. 

45. Energy resulting from motion 
of particles deep within the structure 
of the atom was unknown until the 
discovery of Raptoactivity. 

46. Radioactive elements undergo 
Spontaneous breaking up of theif 
atoms, giving off alpha and beta par- 
ticles and gamma rays. Loss of these 
particles causes the radio-active ele- 
ments to change into other elements. 

47. The energies shown in thes 
TRANSFORMATIONS are thousands of 
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times greater than the kinetic ener- 
gies which the molecules of a gas have 
by reason of their motion when heated. 
They are thousands of tirnes greater 
than the energy changes per atom in 
chemical reactions. 

48. The property of matter that 
connects it with motion is INERTIA. 
Inertia is opposition to change of mo- 
tion. 

49. One conclusion that appeared 
arly in the development of the theory 
of Recativiry was that the mass due 
lo inertia of a moving body increases 
a its speed is increased. 

50. This increase implied an equi- 
valence between an increase in energy 
of motion of a body (kinetic energy) 
and an increase in its Mass. 

51. It was for this reason that Ein- 
sein suggested that studies of radio- 
activity might show the EquivaLeNnce 
of mass and energy. 

2. Einstein’s statement is that the 
amount of energy, E, equivalent to a 
mass, m, is given by the equation E = 
me* where c is the Vetocity or Licur. 

53. From this equation, one kilo- 
gram (2.2 pounds) of matter, if con- 
verted ENTIRELY into energy, would 
give 25 billion kilowatt hours of ener- 
y. This is equal to the energy that 
would be generated by the total elec- 
tic power industry in the United 
States (as of 1939) running for ap- 
proximately two months. 

54. Compare this fantastic figure 
with the 8.5 kilowatt hours of heat 
energy which may be produced by 
BurNING an equal amount of coal. 

55. Until the atomic power research 
program, no instance was known of 
matter being converted into energy 
without more energy being used to 
produce the transformation than was 
teleased by it. 
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56. Two axioms of physics stated: 
(1) Marrer can be neither created nor 
destroyed; (2) Enercy can be neither 
created nor destroyed. For all practical 
purposes they were true and separate 
ne until about 1940. 

. It is now known that they are, 
in th two phases of a single prin- 
ciple, for we have discovered that 
energy may sometimes be ConverTeD 
into matter and matter into energy. 

58. Such conversion is observed in 
the phenomenon of nuclear Fission of 
uranium, a process in which atomic 
nuclei split into fragments with the 
release of an enormous amount of 
energy. 

59. The extreme size of the Con- 
VERSION Factor explains why the equi- 
valencé of mass and energy is never 
observed in ordinary chemical 
bustion. 

60. We now believe that the heat 
given off in such Compustion has 
mass associated with it, but this mass 
is so small that it cannot be detected 
by the most sensitive balances avail- 


able. 


com- 


Transformation of matter into 
energy is an entirely different sort of 
phenomenon than the usual chemical 
transformations, where the matter is 
changed into a different form but its 
Mass persists. 

62. From the standpoint of the 
Laws of the Conservation of Matter 
and of Energy alone, transformation 
of matter into energy results in the 
Destruction of matter and the Crea- 
TION of energy. 

63. The Opposire transformation, 
which astronomers believe may be 
going on in some of the stars, amounts 
to the destruction of energy and the 
creation of matter. 
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64. It is difficult for us to imagine shall, perhaps, be forced to think of 
the reconciliation of two such different the stuff of the universe as some such 
concepts as matter, with its character- combination of matter and energy a 


istic mass or weight, and energy, would be symbolized by the coined 
which does not have this quality. We word “Martrercy.” 


Dates in Atomic History 


1803—Dalton first suggested that all chemical elements are made of atonus. 

1816—Prout suggested that all elements are made of hydrogen atoms. 

1859—Bunsen and Kirchhoff invented the spectroscope for analyzing light. 

1871—The eiements were arranged in the order of the weights of their atoms 
to form the periodic table, by Dmitri Mendeleeff in Russia and Lothar 
Meyer in Germany. 

1895—X-rays, formed by means of electrons, were discovered by W. K. Roent- 
gen. 

1896—Becquerel discovered rays coming from pitchblende, an ore of uranium 

1897—The electron was identified by J. J. Thomson, in England. 

1898—Radium and polonium, the first radio-active elements, were discovered 
by Pierre and Marie Curie and actinium was discovered by Debierne in 
pitchblende. 

1900—-Planck announced the quantum theory, which states that energy is in 
lumps, or quanta. 

1903—Three kinds of rays, given off by radio-active elements, known as alpha, 
beta and gamma rays, were studied by W. Ramsay, F. Soddy, E. Ruther- 
ford and T. R. Boyds. They found the alpha rays to be hearts of helium 
atoms. 

1905—Einstein announced the special theory of relativity. 

1910—Millikan measured the charge on the electron. 

1911—The theory of the “nuclear” atom, with the weight and the positive 
charge concentrated at the center, was proposed by E. Rutherford. 

1911—The number of negative electrons on the outside of the atom was found 
by C. G. Barkla from a study of the scattering of X-rays. 

1912—The possibility of isotopes, atoms with different weights but identica 
chemical properties, was suggested by F. Soddy. 

1913—Laws of atomic disintegration, which predict how elements will change 
into one another in radio-active breakdown, were discovered indeper- 
dently by F. Soddy, K. Fajans and A. S. Russell. 

1913—Niels Bohr devised an atom model which combines successfully the ideas 
of the nuclear atom and the quantum theory with the measurements of 
the spectra. 

1913—Laue measured the structure of crystals with X-rays. 

1913—Moseley was able to count all elements, known and unknown, by the 
position of their X-ray spectrum lines. 

1915~-Einstein announced the general theory of relativity, including gravitation 
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1919—An element was transmuted artificially for the first time when Ruther- 


ford changed nitrogen to helium and hydrogen by splitting the nitrogen 
atom. 


|919-32—Weights of the isotopes of most chemical elements were measured by 
F. W. Aston, indicating that Prout was about right (1816) when he 
said the weights of elements are an even number of times that of the 
hydrogen atom. 


1922—Boron, fluorine, sodium, aluminum and phosphorus were artificially 
disintegrated by E. Rutherford and J. C. Chadwick. 

19243—De Broglie started the quantum mechanics discussion by reviving the 
old controversy as to whether light is made of waves or particles. 


1925—Principle of uncertainty was proposed by Heisenberg, which states that 
it is not possible to know exactly where a moving particle is at a given 
time. 

1927—Theories on the nature of light were reconciled by the idea that waves 
can act as though they were composed of large numbers of small par 
ticles. This statement was made by Davisson and Germer in America 
and Thomson in England. 

1929—A high wall of force surrounding the -atom nucleus was pictured to 
explain laws of radio-active decay, by G. Gamow and by R. W. Gurney 
and E. U. Condon. 

1930-—The positron, a particle of positive electricity, was predicted from theo- 
retical considerations by P. A. M. Dirac. 

1931—The table of atom nuclei was drawn up and unknown isotopes, some 
of which have since been found, were predicted by W. M. Latimer, 
H. C. Urey, H. L. Johnson, R. T. Birge and D. H. Menzel. 

1931—E. O. Lawrence made the first cyclotron. 

1931—Heavy hydrogen was discovered by H. C. Urey and F. G. Brickwedde, 
who made it into heavy water. 

931—Atom nuclei were found to vibrate in step with an approaching alpha 
particle by H. Pose and G. Hoffman in Germany and J. W. Ellis in the 
United States. 

1931—Millikan began a new series of researches on the cosmic rays reaching 
earth from outer space. 

1932—The neutron, an electrically neutral particle from the atom, was ob- 
tained by bombarding beryllium with alpha particles, by J. Chadwick in 
England, W. Bethe and H. Becker in Germany and F. Joliot and Irene 
Curie-Joliot in Paris. 

1932—Mass was converted into energy, it was found by J. D. Cockroft and 
E. T. S. Walton, when alpha particles were given off from lithium 
which was bombarded with protons speeded up by 600,000 volts pres- 
sure. 


1932—Discovery by C. D. Anderson that positrons are created by cosmic rays 
smashing into matter. 
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1933—Positrons are created artificially by bombardment of matter with gamm: 
rays, J. Chadwick, P. M. S. Blackett and G. Occhailini demonstrated. 


1933—Energies equivalent to 3 million volts were used to accelerate electrons 
in E. O. Lawrence’s cyclotron. 


1933—An electrostatic generator designed to produce 10 million volts for 
atomic research was built by R. J. Van de Graaff. 


1933—Million volt X-ray tube was used in atomic experiments by C. C. Laurit- 
sen. 


1934—Artificial radioactivity was produced by bombardment of boron, a!umi- 
num and magnesium with alpha particles, by F. Joliot and Irene Curie. 
Joliot. 

1934—Fermi formed new isotopes by the capture of neutrons. 

1934—The first electron microscope was built. It allows us to see objects man\ 
times smaller than the size of light waves. 


1939—Otto Hahn, Lize Meitner and others in Berlin split a uranium isotope 
with release of atomic energy. 


1940-41—Two new elements, neptunium and plutonium, were formed from 
uranium-238, in the United States by the research group experimenting 
with atomic energy for military purposes. 

1942—The first time that human beings ever initiated a_self-maintaining 
nuclear chain reaction. 


1945—Atomic power bomb perfected in U.S. A. and used against Japan 
? —What will the future of atomic power hold? 


Answers to Chem Quiz on Page 18 


1—E. Mercury was wing-footed. 9—B. Cerium for Ceres, via the 
2—N. Vanadis was a goddess of asteroid of the same name. 
beauty. 10—J. Tantalus never got a chance 
3—K. Thor threw his hammer to take a drink, for he cou!d 
around to make thunder. not reach the water. The 
4—C. Kobolds were demons who element is named from this 
haunted mines, but never circumstance. 
did any work. Iris was the goddess of the 
5—H. The Palladium was a statue rainbow, showing the end 
of the goddess Pallas. It was of the storm. 
a meteorite. 2—-F. Neptune was the god of tlie 
6—L. The Titans were giants. sea. 
Cadmus sowed dragon's M. Uranus was the ancestor of 
teeth, in Egypt, and raised all the gods. 
an army. Pluto was the god of the 
. Nickel is named for the Old dead (and the atom bomb). 
Nick. 
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Antibiotics Find Increased 
Usefulness in Medicine 


Progress Reports on Penicillin 


by JANE STAFFORD 


Current developments in the use of 
penicillin and other antibiotics are 
reported by Science Service’s medical 
taff writer in this survey. 


Injections Into Artery 

»AmputTaTions may be avoided and 
evere infections of hands, feet, arms 
ot legs quickly cleared up when peni- 
illin is given by injection into an 
artery instead of by other methods. 

Success with this method in 24 
cases, believed the first treated in this 
way, is reported by Dr. S. Thomas 
Glasser, Dr. John Herrlin, Jr., and 
Dr. Boris Pollock, of New York Medi- 
al College and the Flower-Fifth Ave- 
nue and Metropolitan Hospitals, in 
the Journal of the American Medical 
\ssociation. 

One injection may cure cases of in- 
«ction and inflammation without pus 
ormation and discharge and without 
death of tissues, the doctors report. 
Main is often greatly relieved follow- 
ng the first injection. When amputa- 
ton is necessary, it may frequently be 
wssible to save more of the leg or 
wm, hand or foot than would other- 
vise be saved. 

Infection complicating diabetes and 
wteriosclerosis, which often results in 
ungrene requiring extensive ampu- 
ation, is a condition for which the 
tery injections of penicillin are par- 
icularly recommended. The doctors 
lieve it would also be particularly 
nelpful in war wounds of the ex- 
remities. 
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Less penicillin is needed when given 
by injection directly into an artery 
than when given by injection into a 
vein or muscle or by mouth or local 
application. Instead of giving injec- 
tions every three hours round the 
clock, as is often necessary, only one 
injection was given on any one day 
in the 24 cases reported. Injecting the- 
drug into the artery is believed a most 
efficient way of concentrating it in the 
part of the body where the infection 
is located. 

Very impressive to the doctors was 
the case of a 70-year-old man who had 
necrotic ulcers of his right foot, hard- 
ening of the arteries, diabetes and in- 
fection. Such a condition “is always 
regarded with alarm,” they point out. 
This man was given two artery injec- 
tions, four days apart, of 50,000 units 
of penicillin each. 


“Improvement was prompt and 
granulations (formation of new flesh) 
appeared at the ulcer sites within one 
week,” the doctors report. Comment- 
ing further on this case, they state: 
“Penicillin prevented extension of in- 
fection and we are impressed by the 
rate of healing which, although de- 
layed by arteriosclerosis, is neverthe- 
less far more rapid than we have ever 
observed under any other method of 
treatment.” 


Recovery From Trench Mouth 
> Penicittin can bring speedy re- 
covery from Vincent’s angina, popu- 
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larly known as trench mouth, it ap- 
pears from two reports in the Journal 
of the American Medical Association. 


Decided improvement in four to 
six hours, with pain and other symp- 
toms completely banished in 48 hours, 
was achieved in the first 14 patients 
treated by Capt. Bernard M. Schwartz, 
Army Medical Corps, at the A.A.F. 
Regional Hospital at Truax Field, Ma- 
dison, Wis. Altogether Capt. Schwartz 
has now treated 41 patients with simi- 
larly good results. He recommends 
giving the penicillin by hypodermic 
injection into the muscles in 20,000- 
unit doses every three hours until 
100,000 units have been given. 


Results with intramusclar injections 
‘were “so dramatic” that this method, 
giving 25,000 units of penicillin for 
four doses at three-hour intervals, is 
called “apparently the optimal treat- 
ment of Vincent’s angina” by Maj. 
Paul L. Shallenberger, Lt. Col. Earl 
R. Denny and Maj. Harold D. Pyle, 
Army Medical Corps, in the second 
report. 

Before trying the injections of peni- 
cillin, these medical officers had treated 
trench mouth patients at Gardiner 
General Hospital by swabbing a solu- 
tion of the mold chemical dircctly 
onto the sore, ulcerated places in the 
patient’s mouth. In these patients the 
ulcers showed marked improvement 
in 24 to 48 hours and pain in those 
who were suffering severely was ra- 
pidly relieved. 


Comparing the results of penicillin 
treatment with other methods, includ- 
ing sulfadiazine lozenges, Maj. Schal- 
lenberger and associates found ‘that 
the germs causing the trouble dis- 
appeared in 3.7 days, on the average, 
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in the penicillin-treated group. The 
average time for this was 7.1 days in 
the group getting penicillin lozenges 
and 8.8 days in the group treated with 
the standard trench mouth medicines, 
sodium perborate and hydrogen per- 
oxide, chromic acid and silver nitrate, 
and oxophenarsine hydrochloride. 


The most rapid response, however, 
came in a patient who was given 15, 
000 units of penicillin injected into 
the muscles every three hours for eight 
doses. Pain disappeared in six hours 
and the germs could not be found 
after 11 hours. 


Preserving Food 

> To re Many benefits penicillin has 
already brought us may be added some 
day in the future that of food preserva- 
tion. The suggestion for this possible 
future use of penicillin comes from 
Dr. Harold R. Curran and Dr. Fred 
R. Evans, of the Dairy Research Lab- 
oratories, U.S. Department of Agri- 
culture. 


Don’t rush to the drug store for 
some penicillin to put in your milk or 
the vegetables and fruit you are can- 
ning this fall. The studies of these 
Department of Agriculture research- 
ers have not yet gone far enough to 
justify any such procedure on the part 
of housewives. 

What they have found is that, in 
addition to checking the growth of 
and even killing many kinds of dis 
ease germs, penicillin can also kill 
the spores of many microorganisms. 
Spores are a toughened stage of cer- 
tain bacteria in which they rest 
through drought, cold, or other hard 
times. Later, the spores germinate into 
active vegetative cells, which produce 
the toxins that cause food spoilage and 
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in some cases poisoning of those eat- 
ing the food. The spores of the botu- 
linus organism are particularly dan- 
gerous examples. Botulinus spores, 
moreover, like many other spores, are 
very resistant to heat. It takes such 
high temperatures to kill botulinus 
spores that housewives must use pres- 
sure canners to get the temperature 
high enough to be sure of killing any 
botulinus spores that may be in non- 
acid vegetables and meat they are 
canning. 

The Department of Agriculture 
studies reported in the Proceedings 
of the Society for Experimenta! Bi- 
ology and Medicine do not include 
the botulism organism. They show a 
spore-killing action of small amounts 
of penicillin against many species of 
organisms in milk and water, and 
penicillin resistance on the part of a 
few spore-forming organisms. The 
scientists are working now to find a 
way of overcoming the obstacles to 
general application of penicillin as a 
preservative of milk and possibly other 
foods. The fact that penicillin is not 
toxic, as many germ- and spore-killing 
chemicals are, adds to its value as a 
possible food preservative. 

Changes Blood Clotting 

> Discovery of a change in blood 
clotting caused by penicillin, pointing 
both to possible danger and possible 
further benefits from the mold chemi- 
cal, is announced by Maj. Leon F. 
Moldavsky, Capt. William B. Hassel- 
brock and Lt. Carlos Cateno of Har- 
mon General Hospital. Private Darrell 
Goodwin gave technical assistance in 
the studies. 

The danger is that of thrombus or 
clot formation in the veins of patients 
getting penicillin, especially with the 
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recent tendency to use larger doses. 

The benefit would be use of peni- 
cillin in bleeding disorders such as 
hemophilia, though that hereditary 
bleeders’ disease is not mentioned in 
the report. 

Penicillin, the Army group found,” 
speeds coagulation of the blood to 
such an extent that sometimes blood 
taken from a patient for study clotted 
in the syringe before it could be ex- 
pelled. 

“Even more startling,” they report, 
is the change caused in the nature of 
the blood clot itself when: penicillin 
has been given. The blood clot does 
not retract. The blood itself is dark 
and exceedingly viscous in its flow. 
When coagulation is complete it ap- 
pears solidified, looking like an arti- 
ficially produced, solid thrombus or 
blood clot. 

Fungus vs. Tuberculosis 

> Discovery of still ‘another fungus 
chemical which might be developed 
into a remedy against tuberculosis has 
been announced by Joseph M. Ku- 
rung, of the New York State Hospital 
for Incipient Pulmonary Tuberculosis. 

The fungus substance definitely 
stops the growth of tuberculosis germs 
growing on culture medium in the 
laboratory. It withstands high tem- 
peratures well and keeps for several 
months at below freezing tempera- 
tures. Tests with mice show that it is 
relatively non-toxic, suggesting that it 
could be used safely as a remedy. 

Before attempting to establish its 
value as a weapon against tuberculosis, 
Mr. Kurung believes the substance 
should be obtained in a more pure 
form and is now working on this 
purification. 

The material was obtained from a 
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strain of the fungus called Aspergillus 
ustus. Substances active against tuber- 
culosis germs growing outside the 
body have been obtained from other 
fungi and molds, including Aspergil- 
lus fumigatus, Actinomyces griseus 
and one of the Penicillium group, Mr. 
Kurung points out. 


None of these various antibiotics, 
as they are called, has yet been ac- 
cepted as a remedy for tuberculosis. 
Scientists are still working to assess 
the ability of some of these substances 
to check the growth of tuberculosis 
germs in the human body without 
themselves causing any damage 


Wilt-Resistant Tomato 

> ToMATO PLANTs resistant to the de- 
structive fungus disease known as 
wilt have been shown to produce a 
penicillintike substance that stops the 
growth of the deadly fungus under 
closely controlled laboratory condi- 
tions, by the experiments of a three- 
man research team at the great Belts- 
ville, Md., experiment station of the 
U.S. Department of Agriculture. Re- 
port of these experiments is published 
in Science by Dr. George W. Irving, 
Jr., Dr. Thomas D. Fontaine and Dr. 
S. P. Doolittle. 


Since some strains of tomatoes are 
highly resistant to wilt and others are 
not, it seemed reasonable to conjecture 
that the resistant kinds contained 
something hostile to the growth of 
the fungus. The three men squeezed 
the juice out of many tomato plants, 
put it through necessary filtering and 
purification processes, and then ex- 
posed growing masses of the wilt 
fungus to its action in carefully meas- 
ured quantities. In all cases, the de- 
gree to which the fungus growth was 
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checked corresponded rather closely 
to the known wilt-resistant qualities 
of the tomato plant from which the 
juice was taken. 

The new-found fungus-stopping 
substance has not been isolated in 
pure form, so that its exact chemical 
nature is still unknown. Some facts 
about its chemical and physical prop. 
erties, however, have already been un 
covered. 

It is present in all parts of growing 
resistant plants. It has not been found 
in tomato seeds, but appears in the 
seedlings very soon after they sprout 
Concentration varies somewhat ac- 
cording to age of the plant, also con- 
siderably from part to part. 

Because the generic name of the 
tomato is Lycopersicum, the newly 
discovered fungus-stopping substance 
which it produces has been given the 
name lycopersicin. 

Virus Disease Attack 

> Searcuine for a weapon like peni- 
cillin and the other antibiotics that 
will conquer virus diseases such a 
colds and infantile paralysis, scientists 
at Rutgers University and the New 
Jersey Agricultural Experiment Sta 
tion have tested 150 microorganisms 
that might produce anti-virus chem- 
cals. 

The experiments are reported by 
Miss Doris Jones, Prof. F. R. Beav- 
dette, Dr. Walton B. Geiger and Dr. 
Selman A. Waksman. 

Only three microorganisms showed 
signs of possible action against the 
fowl pox virus which. was the virus 
chosen for the search. Of these three, 
the active principle of one was actino 
mycin A, known to be highly poison- 
ous to animals and therefore unsuit 
able for consideration as a remedy. 
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The other two have not yet been 
studied enough for claims to be made 
about their anti-virus potentialities. 
The organisms were isolated from 
straw-compost, manure, soil, drain- 


age material and soil enriched with 
virus concentrates. 

Bacteria, fungi and actinomycetes 
iving in such material might, it was 
hoped, have developed antagonism for 


Bromine and Charcoal 
Prevent Apple Scald 


the viruses ot fowl pox, laryngotrache- 
itis and chick bronchitis. 

The action of the microorganisms 
was tested by exposing the viruses to 
culture filtrates of the organisms and 
then inoculating the virus in chick 
embryos which they ordinarily can in- 
fect. Failure to infect the embryos 
would indicate anti-virus action of the 
test organisms. 


Gas Masks for Apples 


> Gas Masks” for apples may some 
day become the approved way of keep- 
ing apples through the winter. 

Apple scald, which causes great 
damage to apples in storage, results 
trom burning the skin by destructive 
gases given off by the apples them- 
selves. A method developed at Cornell 
University uses activated charcoal, to 
which bromine has been added, to ab- 
sorb these gases. The activated char- 
coal is similar to that used in a sol- 
dier’s gas mask. 

For many years oiled paper has been 
wrapped around the apples, or shreds 
of oiled paper have been mixed with 
the fruit, in the hope of controlling the 
disease. Because of dissatisfaction on 
the part of growers with this method, 
scientists at Cornell began to study the 
disease. 

It was soon discovered that whereas 
varieties such as Cortland, Baldwin 
and Rome Beauty are more susceptible 
than others, one lot of apples might in- 
duce or increase the scald on another 
variety. Rhode Island Greenings, for 
example, developed. twice as much 
scald when stored with McIntosh as 
when stored alone. 
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It was also learned that air condi- 
tioning could reduce if not control the 
disease. 

Discovered by Accident 

A university student accidentally 
discovered the new method. Working 
on elimination of ethylene gas given 
off when apples ripen, he tried acti- 
vated charcoal fixed with bromine, 
since it is commonly known that bro- 
mine eliminates ethylene. 

Preliminary results seemed so prom- 
ising that the cold storage industry 
offered to subsidize the studies, and 
the Refrigeration Research Founda- 
tion granted funds for tests in ten 
large-scale cold storages. 


Results after two years show that 
in storage rooms where the air was 
drawn through canisters containing 
the brominated charcoal the scald was 
only minor and would not have been 
noticed by housewives. Scald on apples 
stored in the ordinary way ranged 
from 37 per cent to almost 90 per cent. 
The work was done by Prof. R. M. 
Smock and Dr. F. W. Southwick of 
Cornell. 
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Latest Inventions Awarded 
U.S. Patents in Chemical Field 


Chemical Advances Patented ° 


WEEK By WEEK as the Patent Office 
Gazette officially announces the new 
patents granted, there are many that 
are important to the science and tech- 
nology of chemistry. For information 
about any patent you may obtain the 
complete patent by sending 10 cents 
in coin (not stamps) to the Commis- 
sioner of Patents, Washington, D.C., 
and asking for the patent you wish 
by number. 


Magnesium Smelted Directly 

> Macnesium, the light metal, can be 
smelted directly out of magnesium- 
silicate ores by a new process on which 
U.S. patent 2,379,576 has just been 
issued here, to Dr. Fritz J. Hansgirg, 


Austrian-born metallurgist who has 
already made notable contributions to 
American war industries. Dr. Hans- 
girg is at present carrying on his re- 
searches at Black Mountain College, 
in North Carolina. 


The siliceous ore is crushed and 
mixed with powdered coke, and the 
mixture is pressed into tablets with 
coal tar as a binder. The tablets are 
heated in a rotating kiln, until the 
silicon comes out of the compound in 
pure elemental state, leaving the mag- 
nesium still combined with oxygen. 
The partly reduced ore is again pressed 
into tablets, this time with the addi- 
tion of calcined lime. Heated to a high 
temperature in a high-vacuum retort, 
the silicon combines with the oxygen 
of the partly reduced ore and with the 
lime, forming calcium silicate, which 
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is useful in glass-making. The mag. 
nesium comes out as the pure metal. 
“Carotinized” Milk 

> Cuemistry of a gentler sort is in- 
volved in the process on which Paul 
D. V. Manning and Elmer Trene, 
both of the San Francisco region, have 
obtained patent 2,379,586. It is on a 
method of heavily enriching milk with 
vitamin C by adding carotin dissolved 
in purified butter oil and homogeniz- 
ing the mixture. The carotin imparts 
a rich golden color to the fluid, which 
is expected to improve its marketabili- 
ty as well as its appetite appeal. Rights 
in the patent are assigned to the Gold- 
en State Company, Ltd. 

Aseptic Flour 

> FroM AN INVENTOR in France, in 
pre-liberation days, came the applica- 
tion that eventuated in patent 2,379, 
677, on a milling method which the 
inventor, Voldemar Borsakovsky, says 
will produce a flour so nearly free of 
bacterial life that its keeping qualities 
are greatly improved. 

The wheat is first moistened, then 
tumbled in a rotor having abrasive 
inner walls, to “peel” off its indiges 
tible cellulose outer coat. After the 
loosened bran and abrasive particles 
have been separated out, the grain is 
sterilized with a germ-killing gas, and 
finally milled in an atmosphere of a 
non-toxic gas. Because rights in pat- 
ents issued to citizens of formerly 
enemy-occupied countries have not 
yet been unscrambled, this patent is 
vested in the Alien Property Custo- 
dian. 
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Peat Out of Bogs 

»Prat is A very abundant but low- 
value fuel, so that any method that 
promfses to make its digging cheaper 
or more efficient is bound to arouse 
interest. A Swedish inventor, Carl 
Allan Friberg of Malmo, offers a ma- 
chine that literally brushes it out of 
its boggy beds, for patent 2,379,570. 
A big cylindrical brush is lowered 
onto a cleared strip of the bog, and 
turned rapidly by a motor. The show- 
er of loosened peat is caught on the 
apron of a conveyor and carried up 
into the truck that is to haul it away. 
Dehydrated Coffee 

> DEHYDRATED COFFEE, to be dispensed 
as a dry powder for quick preparation, 
is made by a new method under pat- 
ent 2,379,427, granted to Walter R. 
Fetzer of Clayton, Mo., assignor to 
the Union Starch and Refining Com- 
pany of Columbus, Ind. Instead of 
making a hot-water extract of the cof- 
fee and incorporating this in the solid 
vehicle, the new -process makes the 
extract directly with corn syrup, then 
dehydrates this to solidity in a vacuum 
pan. 

Manganese Alloys 

> MancansseE alloys, used in impor- 
tant war equipment, will have greatly 
extended peace uses if prepared and 
heat-treated by a new patented pro- 
cess. The invention relates to alloys 
consisting essentially of manganese, 
chromium and iron. 

The alloys of this invention differ 
from previous manganese allovs not 
only in composition, but in physical 
characteristics and properties, includ- 
ing amenability to different types of 
heat treatment. They are preferably 
entirely free of carbon and substan- 
tially free from oxides of silicon and 
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aluminum. They are highly resistant 
to atmospheric corrosion, possess the 
ability to withstand great extension by 
cold work without hardening, have 
the properties of retaining work-hard- 
ening at relatively high temperatures, 
and of being rendered non-magnetic 
by heat treatment. 


The manganese in these alloys is 
always in excess of the chromium. In 
a mixture with 40% manganese there 
is about 12% to 15% chromium, the 
rest being iron. In mixtures with less 
than 25% manganese more chromium 
than the above is used. The patent 
awarded is 2,378,916, and the patentee 
is Reginald S. Dean of Salt Lake City. 
It has been assigned to the Chicago 
Development Company of Chicago. 


Aircraft Storage Battery 

> A LIGHT-WEIGHT storage battery for 
airplanes has a container made of 
a strong, self-sustaining vinyl resin 
which is inert under conditions pre- 
vailing in the battery, and forms the 
four walls, the bottom, cell partitions, 
cell covers and terminal housing. The 
plastic, of polystyrene or methyl- 
methacrylate, is molded in a hy- 
draulic press. Its use eliminates the 
usual heavy metal shields as well as 
the acid-resisting lining of the ordi- 
nary battery. A special compartment 
extending above the cells takes care 
of any spilled electrolyte. 

The patent, 2,379,189, was awarded 
to John L. Rupp, Williamsville, N. Y., 
who is assignor to the National Bat- 
tery Co., St. Paul, Minn. 


Silicate Cement Coating 


> Patent 2,378,927, issued to Clifford 
L. Jewett of Minneapolis, relates to 
silicate cement and its applications as 
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coatings, particularly to roofing ma- 
terials. The patent has been assigned 
to Minnesota Mining and Manufac- 
turing Company of St. Paul. It is a 
water-resistant and color-bearing coat- 
ing, used both to weather-proof and 
to beautify a building. 

The coating material is an aqueous 
solution of sodium silicate, of 30% to 
38% concentration, and an admixed 
solid fluoride. This latter is a water-in- 
soluble fluoride of an alkali metal and 
a polyvalent metal, and it is added in 
amounts sufficient to neutralize the 
silicate. 


Sheathing Copper Wire 


> Copper is still the best all-round 
conductor for electricity, and rubber 
the best insulator for copper wire. 
However, this marriage is not a happy 
one: copper constantly subjects rubber 
to a kind of chemical nagging, caus- 
ing it to deteriorate and also staining 
it if the insulation is light-colored. 


To protect rubber against the ill 
effects of too-constant companionship 
with copper, Dr. Albert W. Meyer of 
Nutley, N.J., has developed a thin 
coating of a synthetic plastic to go 
over the wire before the rubber in- 
sulation is applied. Into this plastic is 
incorporated one of a number of or- 
ganic amines, of which the phenylene 
diamines are typical and which have 
the capacity to absorb the chemical 
abuse that would otherwise cause the 
eventual breakdown of the rubber. On 
this method of insulating the insula- 
tion, U.S. patent 2,379,978 has been 
granted to Dr. Meyer, who has as- 
signed it to the United States Rubber 
Company. 

Calcium Carbide 


> A NEW METHOp for making calcium 


carbide, in which crushed limestone 
is combined with natural gas instead 
of with crushed coke as in present 
practice, is offered by two chemists of 
Dallas, Texas, Dr. A. J. Abrams and 
Dr. L. B. Cook, for patent 2,380,608. 
Rights in the patent have been as- 
signed to Socony-Vacuum Oil Com- 
pany, Inc. Calcium carbide is one of 
the most important of present-day in- 
dustrial materials, being the most con- 
venient source of acetylene used in 
welding torches, portable lamps, etc. 


In the new method, crushed lime- 
stone is heated in an electrical induc- 
tion furnace to a temperature of about 
1000 degrees Centigrade, while nat- 
ural gas containing a high percentage 
of methane is flowed through it. A 
second heating .at a higher tempera- 
ture, in the neighborhood of 1700 de- 
grees Centigrade, completes the con- 
version into calcium carbide. 


The new method, the inventors 
point out, permits the manufacture 
of calcium carbide in regions where 
coke is not cheaply available, and also 
provides a good economic use for 
methane, which has long been a 
chemical waif among the more easily 
utilizable, larger hydrocarbon mole- 
cules that make up the mixture known 
as natural gas. 


Proteins Salvaged 


> ANoTHER chemical patent of basic 
importance issued is No. 2,379,929, 
on a method for separating proteins 
from waste material, rights in which 
have been assigned royalty-free to the 
Tennessee Valley Authority by one of 
its chemists, Dr. E. R. Rushton. Pro- 
teins are among the most important 
of organic compounds; certainly they 
are costly to form, and wasting them, 
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as in sewage, industrial effluents and 
dairy slops, is chemical sin. Dr. Rush- 
ton’s method is quite simple; he adds 
to the protein-containing liquid waste 
a quantity of finely-ground calcium 
metaphosphate. This captures the pro- 
teins and holds them while the liquid 
is drained away. The protein-phos- 
phate complex may be used in feeding 
livestock if the original waste mater- 
ial was edible; if not, the end-product 
becomes a good nitrogenous fertilizer. 


Polarizing Sheets 

> Epwin H. Lanp, head of the Polar- 
oid Corporation, together with Robert 
P. Blake, both of Cambridge, Mass., 
received patent 2,380,363 on a method 
for preparing light-polarizing sheets 
of transparent plastic by simply rub- 
bing their surfaces with brushes, ro- 
tating disks, rapidly moving bands or 
other friction-creating means, thereby 
lining up their surface molecules so 
that their long axes will be parallel. 


Whalebone Substitute 

> Tue stirF central quills of feathers, 
hitherto one of the most nearly useless 
of packing-house wastes, are made 
into acceptable whalebone substitutes 
by combining them with slender rods 
of vinylidine chloride in plaited, 
braided or stitched arrangements. On 
this use, patent 2,379,881 was granted 
to F. W. Chamberlain of Three Oaks, 
Michigan. 


Lignin Plastics 

> Tue searcu for economic uses for 
lignin, long a troublesome waste of 
wood product industries, is responsible 
for two patents, Nos. 2,379,889 and 
2,379,890, obtained by R. M. Dorland 
and R. M. Boehm, both of Laurel, 
Miss., assignors to the Masonite Cor- 
poration. The lignins are converted 
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into their ethers and esters, respec- 
tively, which compounds are stated to 
have excellent molding properties as 
plastics. 


Excess Fluorine Removed 

> Tue ELEMENT fluorine in drinking 
water, which is good for teeth when 
present in exceedingly small amounts, 
is very bad for them when there is 
too much of it, causing an ugly, dis- 
figuring, mottled appearance. To re- 
duce the fluorine to a safe level, in 
regions where there is an excess of it 
in the water, is the objective of pat- 
ent 2,380,800, granted to Howard V. 
Smith and Margaret C. Smith, of 
Tucson, Ariz. 

They use a filter containing crushed 
bone, which has a strong affinity for 
fluorine. The bone is first treated with 
an alkali, to remove what fluorine is 
already present, then with an acid, to 
wash out the alkali and the fluorine 
which it has chemically captured, 
finally with another acid to neutralize 
the bone, after which it is put into use. 


Desalting Oil 

> Satt, ANY experienced oil man can 
tell you, is one of the most ruinous 
impurities you can have in petroleum. 
To get rid of salt in oil in which it is 
present in practically dry, microcrys- 
talline form along with organic acids, 
G. S. Nees of Ft. Worth and R. B. 
Perkins, Jr., of Houston have devised 
a process on which they have rece:ved 
patent 2,380,458. They introduce water 
containing sufficient alkali partially to 
neutralize the acid, and agitate the oil 
until it is in an emulsified state. Then 
it is exposed to an electric field that 
causes the salt-containing droplets to 
coalesce, making their elimination 
easier. 
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Magnesium Alloy 

> An atoy of magnesium that con- 
sists nearly altogether of this light 
metal, with additions of only 1% to 
3% of manganese and from 0.02% 
to 0.05% of calcium, is covered by 
patent 2,380,383, granted to J. D. 
Hanawalt of Midland, Mich., and as- 
signed to the Dow Chemical Co. 
Sterilization Method 

> THE TIME-HONORED sterilization 


methods of heat and chemical treat- 
ment are combined in the technique 
on which L. H. James of Silver Spring, 
Md., has received patent 2,380,696. 
First the materials to be sterilized are 
heated, then the sterilizing chemical 
is introduced in vapor form. Tem. 
perature and pressure conditions are 
maintained at proper levels to prevent 
condensation of the chemical in liquid 
drops. 


Industrial Wastes Produce Cattle Feed 


> Tuanxs To chemical research, two 
relatively abundant industrial wastes 
may now be used to make a highly 
nutritive cattle feed. They are the 
so-called stillage remaining when alco- 
hol is made by fermentation from 
wheat and other grains, and the sul- 


fite waste liquors resulting from the 
utilization of wood for the manufac- 
ture of cellulose. 


The process is a development at the 
laboratories of the Overly Biochemical 
Research Foundation by three scien- 
tists: Eduard Farber, Gertrude D. 
Maengwyn-Davies and James S. Wal- 
lerstein. It is announced in Chemical 
and Engineering News, a publication 
of the American Chemical Society. 


Wheat and other grains are now 
used in large quantities to make alco- 
hol because of the war difficulties of 
importing sufficient molasses from 
which it was formerly made. The 
fermentation process utilizes only the 
sugar content of the grain, leaving 
large amounts of proteins and un- 
fermented carbohydrates in the still- 
age. In the best operation, the in- 
vestigators state, 100 pounds of dry 
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substance of granular wheat yield 
about 37 pounds of alcohol and about 
500 pounds of stillage which contains 
all the protein in the wheat and a resi- 
dual content of unfermented carbo 
hydrates amounting to about 10 
pounds calculated as glucose. 


In the production of cellulose from 
wood, about one half the wood sub- 
stance is dissolved either in alkali or 
in calcium bisulfite solutions. These 
solutions then contain nearly all the 
lignin of the wood in chemically 
modified forms. 


When these so-called sulfite waste 
liquors are added to the wheat stil- 
lage, they explain, a precipitate is 
formed which contains most of the 
protein from the stillage combined 
with a great part of the substances in- 
troduced in the form of the sulfite lig- 
nin. 


About 85% of the proteins can be 
precipitated by treating the stillage 
with small amounts of the lignin from 
sulfite waste liquor, they report. The 
protein-lignin has no bitter or other 


unpleasant taste, and is quite pala- 
table. 
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War’s End Does Not Affect Licenses 


From Alien Property Custodian 


Alien Patent Licenses Valid 


> Tue END of the war has not affected 
the availability or validity of licenses 
issued to American manufacturing 
concerns on U.S. patents issued to 
citizens of enemy countries, now 
vested in the Alien Property Cus- 
todian. Rights of American licensees 
in such patents continue to receive full 
government protection. 

Also vested in the APC are numer- 
ous patents issued to citizens of lands 
that had the misfortune to be over- 
run by the enemy. For the inventors’ 
and owners’ protection, these were 
taken over, and some of them have 
been licensed in the same manner. 
Patents in this category continue to be 
held, and even new patents have been 
vested in the APC, because only an 
Act of Congress can end this some- 
what anomalous situation and return 
the patents to their prewar owners. 
A bill to this end has been introduced 
in the House by Rep. Hatton Sumners 
of Texas (HR 3750). It is expected, 
however, that rights of American li- 
censees will receive proper protection 
when this restitution is made. 

By far the greater part of foreign- 
owned patents now vested in the APC, 
however, were enemy-owned, and no 
consideration of enemy subjects’ feel- 
ings need obtain so far as licensing 
them is concerned. Of approximately 
45,000 patents (including some still 
pending) vested in the APC, 29,000, 
or nearly two-thirds, are on German 
inventions. There are also approxi- 
mately 1,800 patents taken out by 
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Italians and 1,200 by Japanese inven- 
tors. These will continue to be handled 
as “enemy” patents; even if Italy be- 
comes a member of the United Na- 
tions, as has been proposed, the status 
of Italian-owned patents vested in the 
APC will not be changed. Other siz- 
able blocks of patents, originally taken 
out by citizens of friendly nations that 
were overrun by the enemy, are the 
French (1,800) and the Dutch (1,300). 
The balance are scattering. 

About 10% of the patents taken 
over by the APC since the beginning 
of the war have now expired. On the 
other hand, there are still a aumber 
of applications from foreign lands that 
were filed before Pearl Harbor, on 
which final action has not yet been 
taken. The number of these has steadi- 
ly diminished as the war has gone on, 
and it is expected that this backlog 
will soon disappear entirely. 

Thus far, approximately 10,000 li- 
censes have been issued for the use 
of these vested patents. Since licenses 
are granted only on a non-exclusive 
basis, about one-fifth of this number 
are duplicates. Licensees include some 
800 American firms and individuals. 

The end of the war is expected to 
increase, rather than diminish, the 
number of applications for licenses, 
because peace has released for civilian 
uses great quantities of materials from 
exclusive military production and will 
also send several millions of workers 


in their most productive years back 
to their jobs. 
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High School Seniors Working Toward 
Entries in Fifth Science Talent Search 


Young Scientists Compete 


> Ait over the United States thous- 
ands of high school seniors are eagerly 
beginning new science courses with 
more than grades for an incentive. 

On their calendar there is a ring 
around December 25 — Christmas — 
but a heavier ring around December 
27—the closing date of the Fifth An- 
nual Science Talent Search for $11,000 
in Westinghouse Science Scholarships 
and the goal toward which these teen- 
age scientists have been working for 
months. 

The Annual Science Talent Search 
is carried on jointly by Science Clubs 
of America, administered by Science 
Service with financial co-operation 
from Westinghouse Educational Foun- 
dation. This will be the first peacetime 
Science Talent Search to stem the seri- 
ous deficit in science and technical stu- 
dents. Many of the boys and girls who 
will compete this year have been plan- 
ning to do so since they were high 
‘school freshmen. 

But the first notice of the annual 
Search reached other prospective con- 
testants this spring when the Fifth 
Annual Science Talent Search was 
announced to 40,000 secondary school 
principals and science teachers in every 
private, public and parochial school in 
the country. 


In notifying contestants that the es- 
say topic for this year is “My Scientific 
Project,” Watson Davis, Director of 
Science Clubs of America, said “Pick 
a subject that you can investigate at 
first-hand, preferably one about which 
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you can do more than just read. It is 
often desirable to repeat previous ex- 
periments, but it should be done de- 
liberately and for a purpose. Write 
what you did, not merely what you 
read. Tell it in simple language. Fancy 
writing has no place in science. Ther 
has been great writing in the sciences 
but it is the greatness of strength and 
simplicity.” 

These thousands of talented young 
scientists—14 to 18 years old—have 
been preparing themselves for the big 
event as thoroughly as crack athletes 
train. During the spring and summer 
they worked indoors or outdoors, in 
basement or attic workshop, with 
borrowed, make-shift and home-made 
equipment, singly and in groups on 
the projects of their own choosing. 
This fall their preparations will con- 
tinue and many a fine point of their 
experimentation will be cleared up in 
conferences with teachers and fellow 
students in science classes and science 
club meetings. 

In addition to recording their find- 
ings in an essay of about 1,000 words 
on “My Scientific Project,” each con- 
testant will take a three-hour Science 
Aptitude Examination in his own 
school. This examination is especiall\ 
made for the Fifth Annual Science 
Talent Search and is designed to dis- 
cover creative science aptitude rather 
than test knowledge of science. Each 
contestant will also submit recom- 
mendations from principals and sci- 
ence teachers and personal data about 
extracurricular accomplishments. 
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It is expected that at least 15,000 
seniors will enter the Search this year 
as in the previous four Searches. From 
this number 300 will be picked for 
honorable mention and will be recom- 
mended to colleges, universities and 
technical schools as science students 
worthy of scholarship consideration. 


From the 300 honorable mentions 
40 contestants will be picked as trip 
winners and will be invited to Wash- 
ington next March for a five-day all- 
expense Science Talent Institute where 
they will meet prominent scientists 
and learn of the latest developments 
in science. 


The 40 winners who come to Wash- 
ington will be personally interviewed 
by a judging committee to determine 
their eligibility for the Westinghouse 
Science Scholarships which total $11,- 
000. One boy and one girl will each 
receive a $2,400 Westinghouse Grand 
Science Scholarship ($600 per year 
for four years). Eight other contes- 
tants will receive 4-year scholarships 
of $400 each ($100 per year for four 
years). Additional scholarships total- 
ing $3,000 may be awarded at the dis- 
cretion of the judges, who are Dr. 
Harlow Shapley, Director, Harvard 
College Observatory; Dr. Steuart Hen- 
derson Britt, Washington psycholo- 


Previous Winners 


In previous Science Talent Searches 
160 have been named as winners of 
trips to the Science Talent Institute 
in 1942, °43, 44 and 45. This select 
group, consisting of 43 women and 
117 men, are all planning to become 
scientists. With the exception of those 
now in the armed services all are now 
in college or university. Some of them 
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gist; and Dr. Harold A. Edgerton, 
Director, Occupational Opportunities 
Service, Ohio State University. The 
latter two are also the designers of the 
Science Aptitude Examination. Those 
unable to use their scholarships before 
entering the armed service will find 
them waiting for them when they re- 
turn to civilian life. 


Primary objectives of the Science 
Talent Search, as listed by Mr. Davis, 
are: 


1. To discover and foster the edu- 
cation of boys and girls whose scien- 
tific skill, talent and ability indicate 
potential creative originality and war- 
rant scholarships for their develop- 
ment. 


2..To focus the attention of large 
numbers of scientifically gifted youths 
on the need for perfecting scientific 
and research skill and knowledge so 
that they can increase their capacities 
for contributing to the rehabilitation 
of a war-dislocated world and to help 
the United States, with the aid of sci- 
ence, to lead the world to permanent 


peace. 


3. To help make the American pub- 
lic aware of the varied and vital role 
science plays in world affairs and in 
raising the standard of living. 


Become Scientists 


have already received their undergrad- 
uate degrees and are starting graduate 
work in their chosen fields. 

War has interrupted the careers of 
59 of the young men who have been 
called into the service. Of these, 33 
were assigned to college work in the 
service educational programs but some 
had briefer training and have been 
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assigned to active duty. Three of the 
five who saw action in the European 
theater were wounded—two are now 
veterans and have returned to their 
interrupted college courses. Four are 
in the Pacific theater. Without excep- 
tion the men in service plan to take 
up their courses where they dropped 
them. They will become scientists 


though in some cases their fields of 
choice have changed through their er. 
perience with service assignments in 
sciences before unknown to them. 

Complete details of the Fifth An- 
nual Science Talent Search can be ob- 
tained by writing to Science Clubs of 
America, 1719 N Street, N.W., Wash- 
ington 6, D.C. 


> On tHE Back Cover young scientists, winners of the Fourth Science Talent 
Search, demonstrate their science projects and see the sights in Washington. 


Copyright 1944 Field Publications 


“And I have carefully washed off — arsenic spray 
which may have remained.” 
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Nature Holds All Patents 
On Most Abundant Material 


Clothes, Houses and Gunpowder 


Fifth of a Series on Basic Chemicals 


by Dr. C. M. A. Stine 


Vice-President Advisory on Research and Development, E. I. du Pont de Nemours & Co. 


> One oF the world’s most abundant 
and important raw materials grows 
almost everywhere—in your own 
backyard, in the South’s cotton fields, 
in the great North Woods, in the 
desert, in the ocean. It is cellulose, the 
bone and sinew of the plant kingdom, 
a remarkable substance compounded 
by the plant itself out of the carbon 
dioxide of the air, and the hydrogen 
and oxygen of water. 

Nature still holds all the patents on 
this process. No chemist has yet pene- 
trated completely the secret of photo- 
synthesis and learned how to harness 
the energy of sunlight to make this 
cellular material. Nor has anvone 
learned how to make it by any other 
method. 

But we have taken the cellulose that 
nature gives us and have assigned it 
to a thousand important tasks in shel- 
tering, clothing, educating, and en- 
tertaining our civilization. The wood 
of our houses and our furniture is 
cellulose in its natural state, mixed 
with a few other ingredients. Cotton 
and linen are almost pure cellulose. 
Rayon is the cellulose of wood or 
cotton, dissolved and regenerated as 
gleaming filaments. Cellophane, the 
ubiquitous transparent wrapping, is 
the same material, spread in sheets. 


Our books, magazines and news- 
Papers are cellulose. So is ‘all of our 
writing paper, wrapping paper and 
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paperboard cartons, required in such 
tremendous numbers to package our 
cigarettes, breakfast foods and, dur- 
ing the war, the rations, shells and 
spare motor parts going to our troops. 
The paper and paperboard industry 
accounts for about 90 per cent of the 
wood pulp consumption, which in the 
United States is about 11,000,000 tons 
per year. 


Camera and movie films are made 
of cellulose types of plastics, which 
also go into toothbrush handles and 
thousands of other articles. 


Finally, cellulose has been engaged 
in the grim business of propelling 
bullets from rifles and projectiles from 
cannons and thus helping to preserve 
our civilization from destruction. For, 
in the form of cellulose nitrate, it 
is the main ingredient of smokeless 
powder. And this fact, added to the 
interruption of wood pulp from Scan- 
dinavia and the manpower and truck 
tire shortages in our pulpwood cut- 
ting areas has made cellulose one of 
the very critical war materials. Farm- 
ers in the South and in the Northeast 
are helping by cutting logs from their 
woodlots. And more than 10,000 pris- 
oners of war were engaged in pulp- 
wood cutting as of January 1, 1945. 
Spruce, pine and hemlock are the 
woods used. 


Ordinarily the cellulose that goes 


43 





into smokeless powder is supplied by 
cotton linters, the short fuzz remain- 
ing on the cotton seed after the first 
ginnings have removed the longer 
spinnable fibers for the textile indus- 
try. Recently the war demand for 
smokeless powder has been so great 
that cotton linters couldn’t do the job 
alone. Therefore, wood pulp cellulose 
had to help out at the powder mills. 

Most of the so-called dissolving or 
solution pulp required for smokeless 
powder, rayon and the numerous cel- 
lulose plastics and films is of finer, 
lower moisture content than pulp used 
for paper. But some of the pulp mills 
ordinarily supplying the paper and 
container industry have been able to 
modify their processes to produce dis- 
solving pulp for smokeless powder. 

It has been estimated that a cord of 
pulp wood (128 cubic feet) makes 
enough smokeless powder to fire 90,- 
000 rounds of a Garand rifle, or 420 
105-mm. artillery shells or 24 16-inch 
shells from a U.S. battleship. 

In the manufacture of smokeless 
powder, cellulose is treated with a 
mixture of nitric and sulfuric acids, 
which converts the cotton or wood 
pulp into a new compound, nitrocel- 
lulose, or more properly, cellulose 
nitrate. When Christian Frederick 
Schoenbein, of the University of Basle, 
Switzerland, invented this material in 
1845 and found it was a good explo- 
sive for guns he named it guncotton. 

The nitrated cotton is washed and 
purified and then dehydrated by re- 
placing the water with alcohol. More 
alcohol, along with ether, is used in 
working the mass into a dough. Thus 
the need for such tremendous amounts 
of alcohol in the war program. The 
dough is now forced through dies, 
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somewhat as in the manufacture of 
macaroni. In the case of most smoke- 
less powder for cannons, however, the 
“macaroni” has seven holes through 
it instead of one. An invention of the 
late Hudson Maxim, the multi-perfor- 
ate powder has the advantage over 
solid grains for this reason: Solid 
grains become smaller as they burn 
and present less and less surface area 
to the flame of combustion. Conse- 
quently the burning slows down and 
the pressure in the gun diminishes. 
This made it necessary, in the old 
days, to use a powder which produced 
a high initial pressure and that was 
sometimes hard on the gun. In the 
case of multiperforate powder, how- 
ever, each hole gets larger as it burns, 
increases its surface area and accel- 
erates the combustion and the pres 
sure. The invention, to quote Maxim 
himself, “made possible the attainment 
of a very high velocity with a com 
paratively low initial pressure and con- 
sequently, with comparatively small 
strain upon the gun.” 

The dimensions and placing of the 
perforations are calculated with great 
precision—and they must be held to 
within a thousandth of an inch of 
specification—so that the powder will 
finish burning at the exact moment 
the shell leaves the cannon’s muzzle, 
and not a thousandth of a second be- 
fore or after. Only such extreme ac 
curacy in regulating the burning time 
assures accuracy of fire. The powder 
is smokeless because all the products 
of its combustion are true gases. 

The union of cellulose with nitric 
acid gave birth not only to a new kind 
of explosive but to an entirely new 
industry. For when cellulose nitrate 
was mixed with camphor under heat 
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and pressure it was found that the 
material could be molded into any de- 
sired shape. The invention of this plas- 
ticized cellulose nitrate is credited to 
an Englishman, Parkes, who patented 
it in 1864, but it remained for the 


Hyatt brothers, John W. and I. S., 
sons of a New York state blacksmith, 
to develop and commercialize the 
material, beginning in 1869. It was 
their “celluloid” toys, billiard balls 
and shiny “cleanable” collars which 
launched the plastics industry. 


More Efficient Uses for Peanuts 


> Peanuts, long regarded lightly as 
of interest only to small boys and cir- 
cus elephants, are steadily rising in the 
scale of industrial and agricultural re- 
spectability. U.S. Department of Ag- 
riculture scientists are finding new 
and more efficient uses for them, in 
addition to their already big-business 
role as producers of a high-grade vege- 
table oil. 

The high-protein meal left after oil 
extraction has long been used as live- 
stock feed; but now industry comes 
forward to compete with livestock for 
a share of it. Peanut protein has been 


found useful in adhesives, paper siz- 
ings and fabric coatings, by chemists 
at the Southern Regional Research 
Laboratory in New Orleans. The 
sugary liquor remaining after protein 
extraction can be used as a culture 
medium for a food yeast, thereby pro- 
viding an additional source of protein 
for livestock feeding. 

At the Northern Regional Research 
Labératory in Peoria, Ill., chemists 
have developed a method for using 
ground-up peanut hulls instead of 
ground cork as a basis for crown cap 
liners for bottles. 


Greenbacks Turn to Gold in South Pacific 


> THE LETTUCE-GREEN Variety of paper 
money turns to gold in the jungles of 
the South Pacific. When banknotes 
first began coming back from the Pa- 
cific, the Treasury Department was 
startled by the appearance of “gold- 
backs” which have not been in circu- 
lation for over ten years. It seems that 
the bills are the usual green variety, 
but the humid heat and gases in the 
air had turned the green ink to a soft 
golden color. 


Wear and tear on paper money is 
heaviest in the South Pacific, where 
the climate causes it to wilt, laminate, 
and discolor. The life expectancy of a 
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dollar bill on Guadalcanal is about six 
months, as compared with more than 
two years of useful life in the United 
States. Finance officers report that it 
takes four times as long to count 
beaten-up bills. 

The number of dollars that Ameri- 
can soldiers have sent across the At- 
lantic by Personal Transfer Accounts 
to relatives and banks would actually 
reach across the ocean a few times if 
pasted end to end. A line of $19 hills 
fiom France to the United States 
would add up to the $425,000,000 in 
accounts that have been handled 
through the New York Finance Office 


of the Army alone. 
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GERMAN CHEMICAL DEVELOPMENTS 


Data collected by 
InpustTRIAL INTELLIGENCE StaFF, Chemical Warfare Service 


Notice: The War Department is merely distributing technical information which 
has come into its hands from captured German territory. This information should be 
made available to all United States citizens interested in it but their use of it must 
be and is at their own risk insofar as the United States or foreign patent violations 


are concerned. 

Prior to the landing in Normandy, 
the Chief of Chemical Warfare Service 
had organized a group of investiga- 
tors, military and civilian, to examine 
chemical industrial developments 
along chemical warfare lines. While 
the prime interest was in investigation 
of finished military products the in- 
vestigation also covered new develop- 
ments in the production of the com- 
ponent items, particularly any new 
developments which would accelerate 
production in this country for the re- 
mainder of the war. These teams of 
investigators were expanded prior to 
VE-Day by inclusion of technicians 
particularly well acquainted with the 


From Water, 


> THE DEVELOPMENT and installation 
of the Haber process for manufacture 
of synthetic ammonia at Oppau prior 
to 1914, utilizing hydrogen from coal 
and water and nitrogen from the air, 
made it possible for Germany to fight 
World War I. Utilization of these 
same raw materials in the manufac- 
ture of ammonia for fertilizer and ex- 
plosives and in the manufacture of 
liquid fuels again proved indispens- 
able to Germany in the recent war. 
By the late twenties, Germany had 
built up a fixed nitrogen capacity 
which, according to published figures, 
was in the neighborhood of 1,000,000 
tons of nitrogen annually. About 75% 
of this capacity was centered at the 
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prewar German chemical industry. 
Following VE-Day these teams, oper- 
ating under the direction of SHAEF, 
proceeded to collect first-hand infor- 
mation regarding German chemical 
war activities. Although this work is 
still in progress, a tremendous amount 
of data has been collected and it is 
hoped can be made available. The 
gathering together and sifting of all 
this information into a form suitable 
for general distribution is a tremen- 
dous task and will take considerable 
time. In the interim, however, it has 
been thought advisable to present this 
preliminary report covering the more 
important findings. 


Air and Coal 


I.G. plants at Leuna and Oppau work- 
ing on brown coal and coke. The other 
25% was located mainly in several 
Ruhr plants, working on hydrogen 
from coke oven gas. It appears that 
the Germans believed that this capa- 
city was adequate at the start of World 
War II. 

During the twenties and thirties, 
Germany paid increasing attention to 
the development of synthetic liquid 
fuels. This work resulted in the de- 
velopment of two -main methods of 
attack, the hydrogenation of coal 
(Bergius Process) and the utilization 
of carbon monoxide and hydrogen in 
the Fischer-Tropsch process. The ca- 
pacity for synthetic fuels at the out- 
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break of the war was by no means 
adequate. 

Since hydrogen was already pro- 
duced in large quantities at ammonia 
plants, and compressors and other 
equipment were available at these 
plants, synthetic fuels started to com- 
pete with the fixed nitrogen industry 
both for its equipment and for its sup- 
ply of hydrogen, particularly at Leuna 
and to some extent in the Ruhr. Leu- 
na hydrogenated brown-coal tar to 
fuels. The tar was obtained by coking 
of brown coal to produce coke for 
hydrogen and carbon monoxide manu- 
facture. 

Leuna also produced methanol, iso- 
butyl alcohol and higher alcohols. The 
isobutyl alcohol was converted into 
isooctane for aircraft fuels and the 
higher alcohols were hydrogenated to 
produce valuable fractions for other 
fuels. Total capacity for liquid fuels 
at Leuna was said to be 600,000 T.P.Y. 
As a result, enough hydrogen was not 
available at Leuna for all purposes so 
increased gas manufacturing equip- 
ment was installed. A part of this 
equipment consisted of a continuous 
Winkler generator utilizing brown 
coal coke and cheap oxygen from 
Line-Frankl units. One large genera- 
tor was said to have sufficient hydro- 
gen capacity for production of 300 
tons of ammonia per day. Ammonia 
capacity was increased by 50% at 

Acetylene 

Jecause of the lack of short chain 
hydrocarbons obtainable by cracking 
petroleum, acetylene occupied a posi- 
ton of abnormal importance in Ger- 
man chemical industry and research. 
A large number of products and pro- 
cesses were developed to relieve short- 
ages or for lack of an alternative route 
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Oppau and a new plant for 100,000 
tons ammonia per year was Construc- 
ted at Hydebreck. At the same time, 
an increase of ammonia capacity at 
some of the Ruhr plants was under- 
taken. No significant amount of am- 
monia was obtained either from Hyde- 
breck or new Ruhr installations but 
full advantage of the Oppau increase 
was realized. New synthetic fuel plants 
were installed at a number of loca- 
tions. The result of this whole pro- 
gram was that practical synthetic am- 
monia capacity at the end of the war 
was perhaps somewhat less than before 
the war and production of synthetic 
fuels by hydrogenation of tars, coal, 
and from carbon monoxide and hy- 
drogen was increased some fivefold 
during the war. In general, the Ber- 
gius process proved to be preferred to 
the Fischer-Tropsch in war-time de- 
velopments. 

Other developments in chemicals 
from water, air and coal include lube 
oils by ethylene polymerization, tolu- 
ene from benzene and methanol and 
alkyl benzenes from higher alcohols. 
A satisfactory stock for soap substi- 
tutes and synthetic fats was produced 
as a by-product. The Germans appear 
to have made little or no advance in 
ammonia synthesis technology except 
in hydrogen manufacture as noted 
above. 


Utilization 

to the desired material. Acetylene was 
definitely one of the most important 
raw materials of the German war 
economy. 

While most acetylene was still made 
by the calcium carbide route, one large 
plant, at Hiils, was in succcessful oper- 
ation using the arc process. The raw 
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material was waste gas from coal hy- 
drogenation, natural gas, or coke oven 
gas residues after passing through the 
Linde process. Its success was due 
largely to the discovery that acetylene 
can be safely handled under pressure 
by observing certain precautions, and 
that water can be used as the recovery 
solvent by taking advantage of the 
fact that the pressure solubility char- 
acteristics of acetylene are almost iden- 
tical with those of carbon dioxide. A 
power consumption of 4.3 - 4.8 KWH 
per pound of pure acetylene was at- 
tained at this plant. 

While many of the reactions em- 
ployed had been disclosed in patents 
and other literature, the extent to 
which their use had developed is of 
distinct interest. Butadiene, for exam- 
ple, was made from acetylene, either 
via the acetaldehyde-aldol route, or via 
the formaldehyde - acetylene (butine 
diol) route to conserve acetylene. Even 
ethylene and ethyl alcohol were made 
from acetylene, and synthetic lubri- 
cating oil was produced by polymer- 
izing the ethylene. 

By working out safe conditions for 
handling acetylene under pressure, the 
I.G. Farbenindustrie freed the chemis- 
try of acetylene from the limitations 
imposed by the hazards involved and 
was able to raise the vinylation reac- 
tion to a status comparable to sul- 
phonation or nitration, working with- 
out accidents at pressures up to 20 
atmospheres and temperatures up to 
200° C. The alkali alcoholate catalysts 
disclosed in I.G. patents were used to 
make vinyl ethers of the alcohols con- 
taining up to eighteen carbon atoms, 
the products being then converted into 
polymers for use in various fields, in- 
cluding textile assistants and sizes, ad- 
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hesives, wood and fibre impregnants, 
pour point depressants, plasticizers, 
etc. This type of catalyst also served 
to produce vinyl amines, such as viny! 
carbazole, and could, in general, bk 
used for the vinylation of any organic 
compound containing active hydrogen. 
For making ring substituted phenols, 
the catalyst used was a zinc (or cad- 
mium) salt of an organic acid. By this 
procedure vinyl isobutyl phenol (Ko 
resin) was produced. 

A third catalyst of major importance 
was copper (or silver) acetylide. By 
proper preparation on a support and 
by proper control of operating condi- 
tions, this temperamental compound 
was brought under control. Using this 
catalyst, the triple bond of acetylene 
remains and addition takes place at 
one or both carbon atoms. With 
alkylolamines, propargylamines were 


obtained; with vinylamines, amino 
butines (which can readily be tear 
ranged to butadienes); and with alde- 
hydes or ketones, acetylenic alcohol 
or glycols were formed. Butinediol, 
from acetylene and formaldehyde, was 


converted to tetrahydrofuran and 
thence to butadiene, thus substituting 
methanol for part of the acetylene 
normally required. 

A fourth catalyst recently found 
was nickel carbonyl, which could 
used to introduce the CO group into 
the molecule. Thus, acrylic acid could 
be produced from acetylene, water and 
CO, or starting with alcohol instead of 
water, ethyl acrylate was manufac 
tured. Using the same catalyst, CO 
was added to tetrahydrofuran to give 
adipic acid. 

By using a modification of the cop 
per acetylide catalyst (addition of al- 
kali chloride) in aqueous hydrochlonc 
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nid solution, acrylonitrile was pro- 
duced on a large scale by the direct 
kddition of hydrocyanic acid to acety- 
ene. With mercuric chloride catalyst, 
vinyl chloride was produced and with 
zinc acetate, vinyl acetate. 


Other important compounds start- 

ing from acetylene, some of which 
involved quite complex syntheses, in- 
dude the following: 
Glycerine Pyrrole 
Tetrahydrofuran Glutaric Acid 
Adipic Acid 3-Cyanobutyric 
}-Amino Caproic Acid 

Acid Glutaronitrile 


3-Butyro Lactone 
and Lactam 
Alpha-Pyrrolidone 
N-Vinyl pyrroli- 
done (Periston) 
Acrylic Acid 
Aralkyldicarboxy- 
lic Acids 
Propionaldehyde 
Erythritol 
Maleic Acid 
Succinic Acid 
Mellitic Acid 
Pyromellitic Acid 
Ketopimelic Acid 


Pentamethylene- 
diamine 
Dihydrofuran 
Piperidine 
Vinyl Acetylene 
Methyl Vinyl 
Ketone 
Acetonyl Acetone 
Butanetriol 1:3:4 
Allyl Alcohol 
Adiponitrile 
Hexamethylene 
Diamine 
Pyrrolidine 


Surface Active Chemicals 


One of the most important discov- 
eries made was the fact that the addi- 
tion of cellulose glycollic acid sodium 
salt to synthetic detergents increases 
their effectiveness to fully the equi- 
valent of that of soap. The amount re- 
quired was about 25% of the amount 
of synthetic detergerit. 

The production of synthetic deter- 
gents was greatly expanded, reaching 
75,000,000 pounds per year. Besides 
the I.G. types, the Igepons and Igepals, 
the two synthetic American types, al- 
kyl benzene sulfonates and aliphatic 
sulfonates, were produced in large 
quantities. The fatty acid and conse- 
quent soap shortage was largely re- 
lieved by substituting the synthetics or 
incorporating them in the soaps made 
of the long chain aryl polyglycol ether 

The older emulsifying agents were 
of the long chain aryl polyglycol ether 
type. Later there was introduced the 
Emulphor STH and STX type, made 
by condensing a long chain aliphatic 
sulfone chloride (Mersol) with am- 
monia and then with chloroacetic acid. 
This was favored for drawing oil 
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emulsions as it conferred extreme pres- 
sure lubricant properties and gave 
very smooth surfaces while at the 
same time possessing anti-rust char- 
acteristics. Later because of shortages, 
dodecyl xylene sulfonate was also sold 
under the same name. 

Demulsifying agents were of three 
types—alkyl aryl polyglycol ethers, de- 
rivatives (amides) of hydroxyoleic acid 
sulfate ester, and the sulfonate of di 
(ethyl hexyl) maleate. These were 
each very specific for certain types of 
petroleum. 

Water resistance of cellulosic fibers 
was attained by treating with hexa- 
methylene di-isocyanate or by using 
an emulsion of paraffin wax contain- 
ing zirconium oxychloride (Persistol, 
said to be resistant to washing) or 
aluminum acetate (not fast to wash- 
ing). A claim was made that treat- 
ment with di (hydroxymethyl) phenols 
produced permanent water repellance. 

Textile-finishing materials, wetting 
agents, dyeing assistants, lubricants, 
printing assistants, leveling agents, 
etc., were marketed in large numbers. 
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Most of these were based on com- 
binations of the Igepon-Igepal-Alipals 
or a composition containing selected 
vinyl ethers. By suitable combinations 


Tanning 

An interesting group of synthetic 
tanning agents known as Tanigans 
had been developed by the Germans. 
Tanigan A was produced by con- 
densing together 4:4’ dioxydiphenyl 
sulfone, the alkaline waste liquors 
from cellulose treating plants and for- 
maldehyde. A complicated resin re- 
sulted which in solution formed a 


Tanigan Extra E was a mixture of 
Tanigan Extra B and the product 
formed by condensing 4:4’ dihydroxy 
diphenyl methane with the alkaline 


of these ingredients and natura! « 
synthetic oils most of the variow 
members of the wide range of textik 
assistants were produced. 


Agents 
good tanning bath. 


Tanigan Extra B was produced by 
condensing phenol with formaldehyde 
in the presence of sulfuric acid to 
form 4:4 dihydroxy diphenyl meth 
ane. This was partially sulfonated and 
the sulfonated material condensed 


with further quantities of formalde 
hyde to form: 


v0 os 
0s <0 


SO3H 
waste liquors from cellulose treating. 
All these materials were claimed to 
have excellent tanning properties when 
applied to leather. 


Polymers 


For convenience it was considered 
advisable to subdivide polymers into 
three parts—plastics, elastomers and 


fibers. 
Plastics 

Nearly all of the new developments 
in plastics were expansions of poly- 
mers at least known before the war. 
An example of a new field of poly- 
mers was the polyvinyl pyrrolidones 
made from gamma butyrolactone, am- 
monia and acetylene. This field was 
still very much in the embryonic stage. 
The uses of these polymers, which in 
some ways physically resemble a!bu- 
men, may not parallel those of the 
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older plastics as is evident from their 
employment in the blood substitute 
Periston. 

A class known before the war but 
which has undergone great deve!op- 
ment is that of the polyurethanes pro- 
duced by the reaction of di-isocyanates 
with polyalcohols. Linear polymers. 
such as Igamid u. produced from 1.6 
hexamethylene di-isocyanate and 1.4 
butanediol, can be both injection and 
compression molded. The products 
have good mechanical strength and 
electrical properties and very low 
water absorption. Fibers and bristles 
can be made by hot melt spinning 
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i Other linear polymers 
ynish plywood adhesives more elas- 
ic than phenolics. When alcohols with 
more than two functional groups were 
sed, infusible polymers were pro- 
Huced which make coatings of great 
eather resistance and very impervi- 
bus to gases. 
As might be expected from the fact 
hat acetylene had become the build- 
ng block for so much of the German 
liphatic chemical industry, the vinyl 
lastics were greatly expanded. Poly- 
inyl acetate and the polyacrylates 
vere running a race, with cheapness 
avoring the former and quality the 
latter. A new and cheap process of 
producing acrylic acid in one step 
from acetylene promised to intensify 
the competition. In general, all meth- 
ods of polymerization, mass, solvent, 
emulsion and suspension, were in use 
and not only were.many different 
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insulation, fabric coating, shoe soles, 
rain coats, shower curtains and fibers. 


After-chlorinated polyvinyl chloride 


does not seem to have made much 
headway, but copolymers of vinyl 
chloride and methyl acrylate and par- 
ticularly of diethyl maleate were grow- 
ing in importance. Vinyl carbazole 
and vinyl benzoate were new com- 


pounds but both proved of little com- 
mercial interest. The great demand 
for styrene for synthetic rubber slowed 
its development as a plastic. 

There was little new in the phenolic 
and urea classes of thermosetting res- 
ins. In the melamine field, a new type 
was produced by reacting benzonitrile 
with dicyandiamide and condensing 
the resultant product with formalde- 
hyde as usual. Such resins give lac- 
quers with good gloss and better heat 
stability than the ordinary melamines. 
Elastomers 

In the field of elastomers Germany 


types of products made depending on 
conditions of polymerization, but the’ 
possibilities of copolymers were fully 
wilized. The vinyl polymers were 
used for surface coatings, glues, paints, 
food preserving, safety glass, cloth im- 
pregnation, artificial leather and ex- 
tended tubing. The vinyl acetals had 


has shown little development over 
American practice; only three pro- 
ducts are worthy of mention, namely, 
Buna, polyethylene and polyisobuty- 
lene. 

Buna (or synthetic rubber) was pro- 
duced in a number of grades known 
as S, SS, SR, etc. Production in gen- 
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ar but not been developed as much as in the eral followed conventional lines in- 
velop § United States due to the smaller mar- volving the copolymerization of buta- 
es pro- ket for safety glass. diene and styrene in aqueous emul- 


sion. There are certain modifications 
however. The lack of fatty acids re- 
sulted in the extensive use of a syn- 


Unplasticized polyvinyl! chloride 
stabilized with phenylindol had a 
large use for molding, sheets, tubes 


anates 
ymers, 
ym 1.6 


id 1.4 Mand stretched films. Much of the first thetic emulsifying agent (Nekal), only 
n and three forms was used for chemical 10% of the required emulsifier being 
oducts J equipment and the films were em- used in the form of an alkaline salt of 
h and § ployed for packaging and insulation. a fatty acid. Potassium persulfate was 
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used as activator and di-isopropy! xan- 
thogenate as a chain modifier. Poly- 
merization was controlled by using 


Development was under way for con- 
tinuous calendering machines. The 
plasticized product was used for wire 
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phenyl beta naphthylamine and was 
carried out in a series of six reactors 
in cascade fashion. After recovery of 
unreacted monomers coagulation was 
conducted in two stages using, firstly, 
a mixture of calcium and sodium 
chlorides and, secondly, acetic acid. 
The coagulum passes to a fourdrinier- 
type paper machine where it is 
drained, then squeezed between rolls, 
dried in a four-compartment drier, 
and reaches the market in neat, 50-kg 
rolls. In spite of the clean appearance 
and convenient form, German Buna 
S seems to have proved inferior to that 
produced in the United States and 
lacked uniformity of quality. 


An interesting tackifier was devel- 
oped to aid the adhesion of Buna, 
known as Koresin. This proved to be 
a condensation product of p-isobutyl 
phenol and acetylene. 


Butadiene was produced by a cum- 
bersome synthesis from acetylene 
through the following steps: 

(1) Calcium carbide> Acetylene 

(2) Acetylene + formalde- 

hyde> Butinediol 

(3) Butinediol> Butanediol 

(4) Butanediol> Tetrahydrofuran 

(5) Tetrahydrofuran> Butadiene 

Tetrahydrofuran is an intermediate 
produced in the dehydration of Bu- 
tanediol which was not always sep- 
arated, steps (4) and (5) being com- 
bined. An alternative procedure was 
to pass from acetylene to acetaldehyde 
and then to aldol, butylene glycol and 
butadiene. 


Styrene was made conventionally by 
the dehydrogenation of ethyl benzene 
which latter was synthesized from 
ethylene and benzene. Ethylene for 
this process was produced either from 
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ethyl alcohol or by the hydrogenatiofie 
of acetylene. 


There seems to have been very littl 
Perbunan produced in Germany and 
only relatively small amounts of Puna 
SS and SR. No evidence has been 
found of commercial production o 
Neoprene. 


Polyethylene (trade name Lupolen) 
was produced in two grades, one of 
molecular weight 3,000 with low vis 
cosity and the other of molecular 
weight 15,000 and high viscosity. 
Ethylene was polymerized at 2,000 
atmospheres with oxygen as a catalyst 
to give the high molecular weight 
material, and in alcoholic solution at 
30 atmospheres with benzoyl peroxide 
catalyst to give the low molecular 
weight material. Polyethylene mixed 
with Oppanol (see below) gave a pro 
duct that could be milled and calen- 
dered readily. 


Polyisobutylene (trade name Op 
panol) was made by mixing isobuty- 
lene with ethylene and polymerizing 
on a belt conveyor using 1% of boron 
trifluoride as a catalyst. Temperature 
was kept below -100° C. by allowing 
the ethylene to evaporate. The con- 
veyor being totally enclosed, the ethy- 
lene was recovered, recompressed and 
reused. Oppanol, added to the extent 
of approximately 0.5% was used to 
raise the viscosity of lubricating oils. 
Although Oppanol alone cannot be 
vulcanized, mixed with 1% of Buta- 
diene, or with some unpolymerized 
isobutylene, it can be vulcanized readi- 
ly. In this form it found use as a good 
substitute for electrical cable insula- 
tion. 


Textile Fibers 


The chief development in this line 


CHEMISTRY 





one of 
low vis 
olecular 
iscosity. 
t 2,000 
catalyst 
weight 
ition at 
eroxide 
lecular 

mixed 
€ a pro 
1 calen- 


ne Op 
sobuty- 
erizing 
f boron 
erature 
lowing 
le con- 
ie ethy- 
ed and 
extent 
ised to 
ig oils. 
not be 
* Buta- 
1erized 
| readi- 
a good 


insula- 


is line 


M ISTRY 


luring the war period was the intro- 
buction of the polyurethanes as new 
extile fibers. The most important 
ombination used was hexamethylene 
ii.isocyanate with butanediol 1:4. The 
polyurethanes were considered equal 
onylon in most respects and superior 
n water absorption and dyeing char- 
cteristics. The polyester type was also 
made, and the I.G. polyamide type 
rom 5-aminocaproic acid (5-capro- 
actam ). 

Much work was done on the im- 
provement of the process for making 
tllulose acetate and regenerated cel- 
ulose, particularly to reduce usage of 
acetic acid by using solvents, and to 


speed up the viscose cycle. The poly- 
urethane intermediate, hexamethylene 
di-isocyanate, and other di-isocyanates 
were also used to produce a surface 
treated, water resistant viscose rayon. 
The cuprammonium process was also 
greatly improved as regards both am- 
monia and copper recovery, the latter 
being done cheaply and almost quan- 
titatively, so that in cost this process 
was considered comparable with the 
viscose route. 


Special acid and chemical resistant 
fibers were woven of polyvinyl chlor- 
ide (chlorinated and unchlorinated) 
and also of polyethylene fibers. 


Electrochemicals 


The German position in the manu- 
facture of aluminum was disadvan- 
tageous because bauxite had to be im- 
ported from France, Hungary, Greece 
and Croatia. An experimental plant 
was operated for the production from 
day using sulfuric acid as a first treat- 
ment, followed by alkali. The process 
could be used if no bauxite were avail- 
able, but was not considered economi- 
al. In the conventional process, Soder- 
berg electrodes were used to a con- 
siderable extent because of the lower 
cost due to baking in the cell. The 
largest cells used 32,000 amperes. Vol- 
tages were 4.5-5.0, the current effici- 
ency was 84-88% and the power con- 
sumption 7.7-8.8 KWH per pound of 
metal. Alloy ingots were cast continu- 
ously into chilled molds from 5” to 
40” in diameter and in lengths up to 
six feet. 


Germany’s magnesium production 
capacity was increased to about 70,- 
000,000 pounds per year in 1944 com- 
pared to an estimated capacity of 35,- 
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000,000 pounds @ 1939. The main 
production increase was brought about 
by duplication of existing equipment, 
although the latest cells were fifty per 
cent larger than the prewar cells. The 
cell designs and operating procedures 
followed published information. The 
current used was 18,000-32,000 am- 
peres and the efficiency about 88%. 
Power required was 8.0-8.5 KWH 
per pound of metal for electrolysis and 
about 11.2 KWH overall. 


The war expansion of the German 
caustic and chlorine industry was in 
mercury cells although existing Bil- 
leter cell installations were operated 
as required. The trend to mercury 
cells increased rapidly in 1937 at which 
time mercury was very cheap in Ger- 
many due to political connections with 
Spain. The Germans were well satis- 
fied with the mercury cell, however, 
and it did eliminate expensive eva- 
poration equipment. The largest cells 
under construction at the close of the 
war were 28,000 amperes which were 
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believed to be the largest capacity 
chlorine cells in the world. The usual 
16,000 ampere cells required 4.5-5.0 
volts and had a current efficiency of 
94-95%. A new and very interesting 
vertical rotating mercury cell was used 
in the most recent plant expansions. 
This cell required much less floor 
space than the conventional horizontal 
cells. A trend toward liquefaction of 
chlorine by means of higher compres- 
sion followed by water cooling with- 
out artificial refrigeration was noted. 
A new type of rectifier, which was 
alleged to operate at high efficiency 
in the lower voltage range, was em- 
ployed in at least two of the newer 
installations. 

Alkali chlorates were made by the 
electrolysis of mixgd KCl and NaCl 
in cells with fused magnetite or gra- 
phite anodes and iron plate cathodes. 
The voltage with magnetite anodes 
was 3.6 and with graphite 3.2, but the 
graphite consumption was high when 
used. The electrodes were spaced about 
1” apart. The current was 10,000-14,- 
000 amperes and the power consump- 
tion was 2.8 KWH D.C. per pound 
of either chlorate. ' 

Metallic calcium was produced in 
fused CaCl. bath cells operating at 
25 volts and 1,400 amperes, giving 13 
kg per cell per day. Production was 
50 tons per month. About 1,500 


pounds per month were converted 
calcium hydride in tight electrical 
heated retorts. . 

Potassium permanganate was madi 
by roasting manganese ore with po, 
ash in a rotating kiln at 450° C. with 
excess air. This was electrolyzed inf 
12,000 ampere cells at 2.8 volts pe 
cell with a current efficiency of 65% 
The anodes were nickel plated sted 
and the cathodes steel. 

Sodium was produced by the elec 
trolysis of fused NaCl in the usudm 
way until plants were closed by bom 
ing; thereafter the obsolete Castner 
process using fused caustic soda wa 
put back into operation. 

Some hydrogen was made by the 
electrolysis of water to augment other 
supplies. The cells used KOH as elec, 
trolyte and operated at 12,000 amperes 


and 2.2-2.5 volts. Five to 6 KWHBj, § 


were required per cubic meter of hy- 
drogen. 

Fluorine was produced by electro 
lysis in a cell made of metallic mag- 
nesium with carbon anodes and nickel 
cathodes. The electrolyte, which was 
KF x (HF), was kept at 100° C. and 
heat was not dissipated since liquidfy 
HF was fed into the cell and broken; 
down into Hg and Fy. The gases from 
the cell were passed through a cail 
immersed in dry ice (-80°C.) to 
remove HF. 


Rocket Propulsion Chemicals 


A considerable number of chemical 
systems were studied for use in the 
propulsion of rockets. Selection of the 
chemicals was made very largely on 
the ground of availability rather than 
desirability. Each system had two main 
constituents, an oxidizing agent and 
a fuel. The constituents reacted chemi- 
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cally in a gombustion chamber at 30- 
40 atmospheres pressure. The products 
of combustion drove the rocket by 
passing out through a jet. 

The principal oxidizing agents con- 
sidered were 98-100% nitric acid 
which was found to be too corrosive, 


98-100% nitric acid with 5-10 strong 
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ulfuric acid added, liquid oxygen 
which was difficult to handle, 80-85% 
drogen peroxide with or without 
ium or calcium permanganate, and 
mmonium nitrate. 

The principal fuels considered were 
methanol, ethanol, hydrazine hydrate, 
ydrazine hydrate plus methanol, 57% 
m-xylidine plus 47% triethylamine, 
Rhydroxyquinoline, furfuryl alcohol, 
vinyl ethyl ether, gasoline, diesel oil, 
“Optol” (a hydrogenated lignite tar 
fraction) and “Ergol” (a mixture of 
“Optol,” tetrahydrofuran, furfury! al- 
cohol and aniline). 

A few monofuel systems were also 
studied. These included 65-85% me- 
thyl nitrate in methanol, ammonium 
nitrate plus ammonia, ammonia and 
nitrous oxide, and tetranitromethane 
plus a solution of 8-hydroxyquinoline 
in 80-85% hydrogen peroxide. None 
of these was ever developed to the 
point of large scale applicatien, some 
being too dangerous and some un- 
wailable under war conditions. The 
frst mixture above was considered the 
most promising. 

Most of the rockets actually used 
were propelled either by a combina- 
tion of liquid oxygen and methanol 
or ethanol, or by mixed acid (5-10% 
H.SO, plus 95-90% HNOs) with an 
oxidizable substance. In the case of 
the V-2 rocket, the starting cycle was 
in three steps. First, permanganate 
reacted with hydrogen peroxide, giv- 
ing superheated steam which drove a 
turbine connected to the pumps. The 
pumps delivered hydrogen peroxide 
and hydrazine hydrate in methanol 
solution to the combustion chamber, 
where an instantaneous, strongly exo- 
thermic reaction occurred.'When the 
teaction chamber became hot enough, 
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the permanganate and peroxide shut 
off automatically and the rocket drive 
was taken over by the liquid oxygen- 
alcohol combination. This system was 
also used, in principle, in experimental 
torpedoes and was engine tested for 
the trackless propulsion of submarines 
at high speed under water. 

In connection with the rocket pro- 
gram, the most important of the 
chemicals produced on a large. scale 
for the first time was concentrated 
hydrogen peroxide. The usual 30-35% 
commercial solutions made by the 
potassium persulfate, ammonium per- 
sulfate and persulfuric acid processes 
were brought up to 82-85% strength 
by vacuum concentration in two 
stages. In the first, the solution was 
vaporized continuously from a retort 
maintained at 73% concentration and 
the vapors, after passing through a 
separator, were fractionally condensed 
in a scrubbing tower as a 65% pro- 
duct. This 65% product was then fed 
into a second retort which was main- 
tained at 80-85%. The vapors were 
again fractionally condensed and the 
condensate returned to the retort, 
from which the finished product over- 
flowed. If especially pure solution was 
required, the product was drawn off 
the bottom of the scrubber. The acidi- 
ty adjusted with phosphoric acid. The 
product was of very high purity and 
stability. One plant had a capacity of 
500 metric tons per month; a second 
plant had a capacity of 1,200 tons per 
month; and a third plant was under 


construction with a projected capacity 
of 2,109 tons. 


Two non-electrolytic processes were 
being investigated because of the short- 
age of platinum and stainless steel. 
One was based on the passage of He 
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plus O, through a silent electrical dis- 
charge. The other was based on the 
reduction of 2-ethyl anthraquinone to 
2-ethyl hydroanthraquinone by Hz fol- 
lowed by oxidation to 2-ethyl anthra- 
quinone and H2Ob2. Pilot plants had 


Oxidation 


Having produced mixtures of nu- 
merous hydrocarbons by the reduction 
(or hydrogenization) of coal in order 
to manufacture petroleum products, 
it was a logical step to consider the 
oxidation of these hydrocarbons to 
much needed oxygenated products. 
There is nothing essentially new in 
these ideas, but the urgency of war 
demands did much to stimulate work 
in this field. Production of fatty acids 
alone has been estimated at about 100,- 
000 tons per year. 


The procedure involved taking the 
mixed hydrocarbons and oxidizing by 
blowing with air according to standard 
methods. The resulting mixed fatty 
acids were then separated by careful 
fractionation. 


The acids C; to Cy were extracted 
with water while the higher members 
up to Coy were recovered in narrow 
boiling fractions consisting of a single 
product or a mixture of as many as six 
carboxylic acids. 

It is of interest to note some of the 
uses to which these acids were put 
under war conditions in Germany. 

a. C, acid (Formic) was used large- 
ly for treatment of fodder silos. 

b. Acetic and butyric acids for es- 
terification of cellulose. 

c. Propionic acid in the form of cal- 


been operated on both processes ani 
a large plant for the 2-ethyl anthn 
quinone process was under constru. 
tion in spite of explosion hazards en. 
countered in the pilot plant. 


Products 


cium salt as a bread preservative. 

d. Cs-Cg acids were reduced to 
cohols and the latter condensed with 
phthalic anhydride to give glyptal typ 
resins. 

e. C7-Cy acids for fire extinguisher 
of the foamite type. 

f. Cy-Cy1 acids for mineral flotation 

g. Cyo-Cig acids were converted to 
soaps for domestic and industrial pur 
poses without further separation. 

h. Co-Ci¢ acids after removal of an 
dicarboxylic acids were converted te 
edible fats of good quality. 

i. Cyg-Co, acids in the form of salts 
found yses in lubricating greases, a 
softening agents for leather, and lu 
bricants for plastic moulding. 

j. The pitch residues after ketoniza 
tion and further hydrogenation gave 
long chain hydrocarbons useful « 
Vaseline substitutes. 

Any of the above fractions by r 
duction can give higher alcohols and 
aldehydes useful in further synthesis 
thus alcohols Cz and Cg were used for 
alkylation of benzene to form a gase 
line additive. 

A paraffin wax manufactured by hy- 
drogenation of carbon monoxide was 
also used as a material for oxidation 
under pressure using a cobalt catalys 
to give mixed fatty acids for soap 
manufacture. 


Chlorination Products 


In the absence of natural gas in Ger- 
many, methane was separated from 
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coke oven gas by liquefaction in Lind 
equipment. The methane was chlor 
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inated in externally heated towers at 
370-390° C. with a five to one ratio 
of methane to chlorine. Methyl chlor- 
ide, methylene chloride, chloroform 
and higher chlorination products were 
condensed with refrigeration and the 
products separated by distillation. Car- 
bon tetrachloride was made from CSe 
as usual. 

Chlorine products containing 2 car- 
bon atoms were made from acetylene, 
tetrachlorethane being the first pro- 
duct. Trichlorethylene was made by 
cracking HCl from tetrachlorethane. 
Pentachlorethane was made by the 


addition of chlorine to tri-. Perchlor- 
ethylene was made by splitting HC! 
from penta-, and hexa- was made by 
the addition of chlorine to per-. Di- 
chlorethylenes were made by the re- 
duction of tetra- with iron. Vinyl 
chloride was made by the reaction of 
acetylene with anhydrous HCl. 


The development of large scale pro- 
cesses for the manufacture of chlorine 
derivatives of ethylene by way of acety- 
lene was one of the most outstanding 
achievements of the German chemical 
industry. 


Lubricant and Fuel Additives 


Besides the usual tetraethyl lead in 
gasoline, little attention seems to have 
been devoted to additives of this class. 
A polyisobutylene was used to im- 
prove the viscosity of oil. Polyvinyl- 
deyl ether and its copolymers with 
vinyl isobutyl ether were reported to 
be outstanding pour point depressants 
for mineral oils. Two gasoline addi- 
tives were claimed to prevent the cor- 


rosion of internal combustion engines 
when injecting water into the intake 
by depositing a rust inhibiting film 
on exposed parts. These were made 
from (a) dodecylphenyl chloride con- 
densed with glycine (cyclohexylamine 
salt) and (b) iso-butylcyclohexyl buty- 
ric acid (cyclo hexylamine salt). 

Calcium benzoate (2%) was added 
to tropical greases to increase the melt- 
ing point. 


Substitutes 


How far-reaching shortages of raw 
materials may be in a country at war 
is illustrated by Germany’s efforts to 
fnd substitutes for soap, glycerol, 
emulsifiers, waxes, etc. 


The Gendorf plant of Anorgana 


BAG. produced detergents from acety- 
gene by hydrogenation to ethylene 


which was converted to ethylene oxide 
via chlorhydrin. Ethylene oxide was 
used for making glycols or was re- 
acted with long chain alcohols to ob- 
tain detergents of the Leonil, Genapol, 
or Igepon classes. The production of 
ethylene for these purposes amounted 
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to 25,000-30,000 tons yearly. 


At Hoechst, 1,530 tons of Glycero- 
gen, a glycerol substitute, was pro- 
duced in 1944 by two-stage hydro- 
genation of inverted hexose using a 
nickel catalyst at temperatures rang- 
ing from 80 to 200° C. and a pressure 
of 300 atmospheres. Glycerogen con- 
tains about: 

40% Glycerol 
40% Propylene glycol 
20% Hexylalcohols 

Glycerogen can be used in place of 
glycerol for most purposes except for 
explosives. 
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Synthetic fatty acids were produced 
on a large scale in Germany at a num- 
ber of different points, the process con- 
sisting in the air oxidation of paraffins 
recovered from the hydrogenation of 
brown coal or lignite. Eighty thousand 
tons of fatty acids per annum were 
produced in three plants and a further 
plant was under construction. The Cy 
to Cig fraction of fatty acids was 
treated and converted into edible fats. 

Dry yeast was produced at the Zell- 
stoffabrick Waldof from waste liquor 
of a beechwood pulp plant at the rate 
of 14 tons a day from 200 tons of dry 
wood. This yeast containing 49 to 
50% protein was used to produce soup 


powder and other protein containing 
foodstuffs, chiefly for the army. The 
yeast was sold at one mark per kilo, 
that is, at half the price of lean meat 


Another source of food yeast was 
based on the growth of yeast on sugar 
produced from wood by the Bergius 
or other hydrolysis processes. 


Because of the shortage of Ruman. 
ian oil, lubricating oil was synthesized 
in Germany by polymerizing ethvlene 
with an aluminum chloride catalys, 
producing a product with Engler vis 
cosities of 3 and 6 at 100° C. The pro 
duction amounted to 500 tons per 
month. 


Insecticides and Rodenticides 


DDT was widely manufactured in 
Germany and a number of variations 
were developed, such as difluoro di- 
phenyl trichlorethane, known as Gix, 
and phenyl chlorophenyl trichlore- 
thane. The former was more easily 
emulsified and was claimed to be 
more effective than DDT though 
much more expensive. No other vari- 
ations of the DDT molecule appeared 
advantageous. 

An entirely new approach was taken 
in the development of “Lauseto neu” 
which is @ chloromethyl 4 chloro- 
phenyl sulfone, said to be more active 
than DDT on the body louse and on 
bed bugs, but less so on flies. A mix- 
ture of the analogous « chloromethyl 
phenyl sulfone and 3, 4 dichlorobenzyl 
alcohol was even more active against 
bed bugs. Another new compound for 
uses similar to DDT is Lucex which 
is not as effective as DDT but is 
cheaper and is made by chlorinating 
the side chain of ethyl chlorobenzene. 

For plant lice the hexaethyl ester 


bp} 


of tetraphosphoric acid, Bladan, wal 
more effective than nicotine though 
suffering from instability in aqueous 
solution. Nirosans, the active principle 
of which is tetranitrocarbazole, was 
used for control of insects and fungi 
on vines with and without addition 
of copper compounds. For similar puri 
poses sprays based on 1 sulfocyano 2, 
4, dinitrobenzene were used. Pentuf 
chloronitrobenzene and 1, 2, 4 ti 
chloro 3, 5 dinitrobenzene were em 
ployed as soil disinfectants and the for 
mer was also used to disinfect wheat 
seed. Many variations of the ordinary 
copper and arsenic insecticides were it 
common production. 


While diethyl phthalate was largelyfifY: } 


used as a mosquito repellant, a ver 
new compound, trichloracetyl chor 
ethylamide was being tested. It ap 
pears to be effective against mosqut 
toes other than the anopheline (whic! 
is the malaria carrier) and superid 
to the phthalates. 
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The problem of replacing thallium 

rodenticides became quite acute. 
astrix was made from acetoacetic 
ter and urea followed by chlorina- 
jon and amination. It is very toxic to 
ice but low in toxicity for domestic 
nimals. A very new compound, para- 
limethylaminophenyl diazo sodium 
lfonate, was under development as 


another substitute for thallium in ro- 
denticides. 

Continued development of the Eu- 
lan moth repellants resulted in Eulan 
NK, triphenyl 3, 4 dichlorophenyl 
phosphonium chloride, particularly re- 
sistant in textiles to washing, and Eu- 
lan AL, 3, 4 dichlorophenyl N- methyl 
sulfoneamide which was produced in 
large quantities during the war. 


Pulp and Paper 


Prehydrolysis of beechwood with 
5% sulfuric acid and production of 
east from the hydrolysis liquors were 
ombined with treatment of the wood 
sidue by the kraft process to produce 
pulp of 96% alpha content. Un- 
leached sulfite pulp of 88-90% alpha 
fontent was successfully used for the 
anufacture of nitrocellulose for ex- 
losives. 

Where waste or cheap nitric acid 
as available, 98% alpha pulp was 
oduced especially suitable for acetate 


sk. Cellulose was being reduced with 
“Bydrogen at high pressure and 160° C. 


superict 
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to produce a mixture of glycerine and 
glycols. 

Binder twine made from wet 
strength treated sulfate paper had suc- 
cessfully replaced sisal. 

A hybrid poplar was developed 
which analyzed up to 50% cellulose 
and can be grown in 8-10 years to 8” 
in diameter. 

Products present in bisulfite waste 
liquors from the pulp industrv were 
condensed with 4:4’ dioxy diphenyl 
sulfone and formaldehyde to form a 
useful tanning agent. 

No evidence was found of the pro- 
duction of vanillin from waste liquors 


from pulp. 


Pharmaceuticals 


Due to Germany’s large prewar 
bpacity for producing pharmaceuti- 
bls, of which more than half was for 
port, she had little difficulty until 
ar the end of the war in supplying 
¢ internal drug needs of the coun- 
y. including war requirements. 

The 1.G., Merck and Schering com- 
anies occupied a dominant role in 
is field. The I.G. particularly had 
tered almost all phases of the drug 
ld, including synthetic and natural 
rugs, sera and vaccines, vitamins and 
ormones. Merck produced synthetic 
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and natural drugs, including alka- 
loids; the latter class was also promi- 
nent in the lists of the two Boehringer 
firms and of Hofmann LaRoche. The 
plants of most of these firms were 
largely intact. 

At Marburg, the I. G. Behringwerke 
operated Germany’s largest serum and 
vaccine manufacturing establishment, 
using about 2,000 horses and 1,500 
smaller animals. Their products were 
generally produced by standard and 
well-known methods, but many of 
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their processes appeared to be less effi- 
cient than our own. 


The main dependence for anti-bac- 
terial agents was placed on the sulfa 
drugs, although their production of 
these did not appear to be particularly 
efficient. Supplies of sulfathiazole and 
sulfadiazine were short at the end of 
the war, as was the case with “Mar- 
fanil,” a sulfonamide on which they 
relied largely for the treatment of 
anaerobic infections. Apparently this 
compound was used so widely that 
the Germans had failed to develop a 
satisfactory production method for 
penicillin. Another new sulfonamide 
was Schering’s “Globucid” (p- amino- 
benzenesulfonamide-ethy|-thiodia- 
zole), which was produced in quan- 
tity largely because of its lower cost as 
compared to sulfadiazine. 


It had been observed that certain 
halogenated derivatives of Salicil are 
effective antagonists to p- aminoben- 
zoic acid. This led to their study as 
antibacterial agents, but their value 
was still in doubt when the war ended. 
The dibromo compound was coded 
No. 3065, and the tetrachloro com- 
pound, No. 3214. 


One outstanding development was 
the use of a synthetic polymer, poly- 
vinyl pyrrolidone; this in 2.5% solu- 
tion found use as a blood substitute 
for the treatment of shock, etc. Over 
300,000 units had been used for mili- 
tary personnel, evidently without de- 
leterious effects. The product was 
called “Periston.” 


Tropical diseases, especially malar- 
ia, received much attention at Elber- 
feld; this was particularly the case up 
to the time of the loss of North Afri- 
ca. Atebrine continued to be produced 
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in large quantities, and numerow fl, 
other antimalarials were investigated, 
especially Sontochin, a quinoline d. 
rivative. Some of these showed som 
promise, but no new important ones 
which acted on other stages of the 
malaria parasite appear to have been 
developed. Some new organic com- 
pounds of antimony were also mate 
and had reached the clinical testing 
stage. For the treatment of venered 
diseases, there were no outstanding 
new developments. 


Alkaloids and other plant extrac 
have long been important manufa- 
tured items in Germany, and larg 
quantities were produced during the 
war. Caffeine was made from theo 
bromine until cocoa imports were cut 
off, then a purely synthetic proces 
was mainly used. Similarly, when im 
ported opium could no longer be ob 
tained, lower yielding domestic pop 
pies were employed. 


Hormones and vitamins, both syn 
thetic and natural, were apparently in 
large demand and production in Ger- 
many. In a number of instances tech 
nical improvements had been made it 
their method of manufacture. At 
tempts to synthesize vitamin A wert 
not successful. 


The types of equipment used for 
drug manufacturing were not greatly 
different from those used elsewhere 
However, the scale of operations wa 
generally smaller than in the United 
States; for example, kettles, tanks and 
stills were usually not larger thao 
1,000 or 2,000 liters capacity, except 
in the cases of large volume drug 
such as salicylates. Acetanilide a0 
aminopyrine, of which very larg 
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amounts were still produced, and the 
sulfa drugs, were made in equipment 
of only moderate size. Meticulous care 


was given to purifications of the final 
products, and to the forms of the end 
products. 


Other Products 


The above classification although 
touching on some of the more im- 
portant fields of the chemical industry 
of Germany does not by any means 
cover the entire field. 


In the extensive field of dye chemis- 
try many definite improvements in 
technique and synthesis were discov- 
ered in the various types of dyestuffs 
and intermediates. 


In the field of solvents, in addition 
to the halogenated ethylene derivatives 
manufactured in such large quantities 
from acetylene, other interesting de- 
velopments were uncovered. For ex- 
ample, hexyl alcohols were produced 
from acetaldehyde and butyraldehyde 
by alkali condensation followed by 
hydrogenation. Methyl pentane diol 
and triol were produced in consider- 
able tonnage by converting acetone to 
diacetone alcohol and hydrogenating 
this chemical. These latter products 
found uses as solvents for lacquers. 


Sodium amalgam drawn from the 
mercury cell for chlorine manufacture 
was reacted with sodium polysu!fide 
(made from one quarter of the sodium 
sulfide produced) to give a very pure 
sodium sulfide, while the mercury 
was returned to the cell for re-use thus: 

6 Na/Hg + NavS, > 4NaeS + Hg 


The use of substituted carbazoles as 
insecticide ingredients led to the de- 


velopment of some novel methods of 
synthesis, 


The use of hydrazine hydrate as a 
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rocket fuel, as mentioned above, re- 
sulted in translating the usual labora- 
tory synthesis of oxidizing ammonia 
with sodium hypochlorite to a large 
full-sized industry. 


The need for thiodiglvcol as an in- 
termediate for mustard gas production 
led to the production of this chemical 
by a continuous process from ethylene 
oxide and hydrogen sulfide in very 
considerable tonnage. 


The synthesis of caffeine by the 
well known Traube synthesis, which 
starts with urea and sodium cyanoace- 
tate to form diamino uracil followed 
by reaction with excess formic acid 
and exhaustive methylation, was re- 
duced to industrial practice for the 
production of this valuable drug. 


Diazoamino benzene and azo sub- 
stituted compounds made from ke- 
tones were produced as additives for 
rubber compounding. These products 
at temperatures encountered during 
vulcanization decompose to give large 
and even supplies of nitrogen useful 
for making light-weight sponge rub- 
bers. 

This list of developments could be 
amplified very considerably but such 
extension would fall beyond the scope 
of this preliminary report. It is to be 
hoped that the detailed information 
itself can soon be made available for 
general use, because it is certain that 
much of this data will supply valuable 
ideas for the future development of 
the American chemical industry. 
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Every month our members get an unusual 
box or bulky envelope containing scientific 
material — novel, intriguing, surprising. 


Month after month . . . THINGS of science 
have come to members, For example: 


Optics Bi-Metallic Indicators Salt Insects War Rubber 
Synthetic New Fabrics Fern Fossils Transparent Cork Glass Fiber 
Rubber Whey Candy Seeds Packaging Rayon Dehydrated 


Plastics Meteorite Sulfur Casein Prince Food 
Strategic Plart Treated Plywood Rupert’s Spice 
Minerals Hormones 


Wood Oil Seeds Drops Rubber 
ee wo and Cloth = Unusual Felt Plants 
Finger- Mineral Buoyant Paper Material Plastic 
printing Optics Fiberglas Coins Detecting Pilot Aids 
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You are invited to join our group 
for a trial membership of six months. 
To you we shall each month dispatch 
a unit of scientific material, unusual, 
intriguing, surprising. With each 
unit will come a brief, clear, Mcm- 
bers’ Bulletin explaining the con- 
tents. For each separate exhibit in 
each unit there will be a museum- 
style legend card. 


Since this is a non-profit organiza- 
tion, operated as a public service by 
SCIENCE SERVICE, the member- 
ship charge has been set at $2 for the 
six months’ trial. To those who send 
us the Application Form immedi- 
ately we shall send a GIFT UNIT 
in appreciation for their prompt ac- 
ceptance of this invitation. 
We recommend that you send us 
your Application for trial member- 
ship now because members are added 
only when there are vacancies in the © 2rperiment on magnetism per- 
5,000 membership. Please send your Ee ae Se Seen 
Application with remittance of $2 to THINGS of science, Science Service 
Building, 1719 N Street, N.W., Washington 6, D. C. 


To 
Wt ings of science, 1719 N St., N. W., 
== SS ——=___— Washington 6, D. C. 


Please enroll me for Membership, sending me the first 
available unit right away, the other units to come each month—a total 
of six monthly units of THINGS of science, all sent postpaid, for which 
I enclose $2. And send me, free, the Gift Unit offered in appreciation 
for my prompt acceptance of your invitation. 

tubber 
Fiber 
—— Name 


or 
_ Street Address 


c 
tt Aids 
City and State 
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MAKING YOUR WISHES 
COME TRUE... 


One wish has been fulfilled. Won by 
3% years of deadly struggle. With 
x0d’s help, we have prevailed. 


Now we have a chance to make an- 
other wish come true. For most of us, 
the outlook is a bright one. If we will 
simply use the brains, the will, the 
energy, the enterprise...the materials 
and resources... with which we won 
our war, we can’t fail to win the peace 
and to make this the richest, happiest 
land the world has known. 


Your wishes have been wrapped in 
that bright outlook. Your wish for a 
cottage by a lake. For your boy’s col- 
lege education. For a trip you long to 
take. For a “cushion”? against emer- 
gencies and unforeseen needs. 


You can make those wishes come 
true by buying bonds today... buying 
them regularly ...and holding on to 
them in spite of all temptation. 


There’s no safer, surer investment in 


FULFILL YOUR WISH— 


the world. You can count on getting 
back $4 for every $3 you put in—a« 
surely as you can count on being 4 
day older tomorrow. 


So why not be patriotic and smart! 
at the same time? 


BUY EXTRA BONDS 


IN THE GREAT VICTORY LOAN! 


This is an official U. S. Treasury advertisenient 


prepared under auspices of Treasury Departn 


and War Advertising Council 
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FOR KEEPING UP WITH SCIENCE 


Besides CHEMISTRY. Science Service has three other serv- 
ices for individuals. The weekly magazine, SCIENCE NEWS 
LETTER. reports the latest developments in all fields of science. 
THINGS of science are sent each month in a distinctive blue box 
toa limited number of members—exciting new products, unusual 
specimens, etc. Teachers in high schools and youth leaders are 
aided in organizing science clubs—a free service. (Then, of course, 


there are the news and feature services of Science Service avail- 


able to newspapers and magazines.) 


Clip and Mail This Coupon 


To CHEMISTRY, 1719 N St., N.W., Washington 6, D. C. 

C] Start my subscription to CHEMISTRY for lyear, $2.50 
0) Renew C) 2 years, $4.00 
To SCIENCE NEWS LETTER, 1719 N St., N.W., Washington 6, D. C. 


CO Start O lyear, $5 
QO Renew my subscription to SctenceE News Letter for [1] 2 years, $8 


(No extra postage to anywhere in the world) 
To THINGS of SCIENCE, 1719 N St., N.W., Washington 6, D. C. 


0 Enter © 6 months, $2 
O Renew my membership in THINGS for O 1 year, $4 


To SCIENCE CLUBS OF AMERICA, 1719 N St., N.W., Washington 6, D. C. 


O Send me information on organizing a science club. 
U Enroll me as an associate of Science Clubs of America, 25c¢ is enclosed. 


Nam« 


Street Address 
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